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PROBLEM TO BE SOLVED: To provide a substrate treating 
method and a device where the device can be markedly improved 
in the treatment speed by controlling the volume ratio of ozone to 
water vapor of wet ozone-controlling gas fed to the substrate. 
SOLUTION: A substrate treating device treats the surface of a 
substrate 2 as an object of treatment, supplying wet ozone- 
containing gas wetted by a treating solution onto the surface of 
the substrate 2. The treating device is equipped with a substrate I 
heating means 4 which keeps the substrate 2 above a room 
temperature, a wetting means 7 which wets ozone-containing gas 
with a treatment solution, a feed means 5 which feeds ozone- 
containing gas to the surface of the substrate 2, a gas pipe 8 
which connects the wetting means 7 and the feed means 5 
together, and a heating means 8 which heats up the wetting means, 
the feed means, and the gas pipe to the same temperature with 
the substrate or above. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the substrate art characterized by being the substrate art equipped with down stream 
processing by the humid ozone content gas which supplies the humid ozone content gas which carried out 
humidity with processing liquid to the processed material on the front face of a substrate, and processes a 
processed material, and said humid ozone content gas containing the steam of more processing liquid than 
the amount of saturated steam in said substrate temperature. 

[Claim 2] The substrate art which is a substrate art equipped with down stream processing by the humid 
ozone content gas which supplies the humid ozone content gas which carried out humidity with processing 
liquid to the processed material on the front face of a substrate, and processes a processed material, and 
is characterized by to control the temperature of said humid ozone content gas in down stream processing 
by this humid ozone content gas to become said substrate and equivalent extent, or more than it while 
holding said substrate to temperature higher than a room temperature. 

[Claim 3] the temperature of said humid ozone content gas — substrate temperature — the degree of 5 
degrees C - 15 degree C — the substrate art according to claim 1 or 2 characterized by being controlled 
to become high. 

[Claim 4] The substrate art according to claim 1 or 2 characterized by having the washing process washed 
by the penetrant remover containing at least one of the organic solvents which contain pure water, 
aqueous acids, an alkaline water solution and a ketone, or alcohol for said substrate after down stream 
processing by said humid ozone content gas. 

[Claim 5] Said penetrant remover is a substrate art: according to claim 4 characterized by temperature 
being higher than a room temperature. 

[Claim 6] The substrate art according to claim 4 characterized by repeating down stream processing by 
said humid ozone content gas, and said washing process two or more times. 

[Claim 7] The substrate art according to claim 1 or 2 characterized by having the head end process to 
which wavelength irradiates ultraviolet radiation 300nm or more at the processed material on said front 
face of a substrate before down stream processing by said humid ozone content gas. 

[Claim 8] The substrate art according to claim 1 or 2 characterized by wavelength irradiating the ultraviolet 
radiation near 250nm at said humid ozone content gas in down stream processing by said humid ozone 
content gas. 

[Claim 9] The substrate art according to claim 1 characterized by reducing the amount of steams supplied 
to the processing side of said substrate from said humid ozone content gas along with progress of the 
processing time in down stream processing by said humid ozone content gas. 

[Claim 10] The substrate art according to claim 1 characterized by reducing the amount of steams supplied 
to the processing side of said substrate from said humid ozone content gas by raising the temperature of 
said substrate along with progress of the processing time in down stream processing by said humid ozone 
content gas. 

[Claim 1 1] The substrate art: according to claim 1 characterized by reducing the amount of steams supplied 
to the processing side of said substrate from said humid ozone content gas in down stream processing by 
said humid ozone content gas by lowering the temperature of said humid ozone content gas along with 
progress of the processing time. 

[Claim 12] Down stream processing by said humid ozone content gas is a substrate art: according to claim 
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9. 10, or 1 1 characterized by setting up small the temperature gradient of said humid ozone content gas 
and said substrate, so that it became a latter processing tub while being carried out by two or more 
processing tubs. 

[Claim 13] A substrate heating means to hold a substrate to temperature higher than a room temperature, 
and a humid means to carry out humidity of the ozone content gas with processing liquid, and to obtain 
humid ozone content gas. A supply means to supply humid ozone content gas to the processed material on 
said front face of a substrate. The substrate processor characterized by having a heating means of humid 
ozone content gas to heat the airpipe which connects said humid means and said supply means, and said 
humid means, said supply means and said airpipe so that it may become the temperature of said substrate, 
equivalent extent, or more than it. respectively. 

[Claim 14] Said supply means is the substrate processor according to claim 13 characterized by to be 
constituted so that it may move in the direction in which the seriate hole with which two or more holes 
were located in a line with the single tier is double-******(ed) crosswise [ of the processed material on 
said front face of a substrate ], it consists of a gas distributor constituted so that the hole of these two or 
more trains might not lap with the hole of the train which adjoins towards intersecting perpendiculariy with 
this train, and either [ at least ] this gas distributor or said train and said substrate crosses at right angles, 
[Claim 1 5] The substrate processor according to claim 1 4 characterized by spacing between the trains 
vyhich said gas distributor adjoins being jSmm or more. 

[Claim 1 6] The substrate processor characterized by being the substrate processor which supplies ozone 
content gas and processing liquid from the processing agent supply plate which countered with this 
processed material and has been arranged to the processed material on said front face of a substrate, and 
being while the distance of said processed material front face and said processing agent supply plate is 
0.1mm - 1.0mm. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the substrate art and equipment of removing processed 
materials, such as photoresist film, and an adhering organic compound which is not desirable or an 
morganic compound, for example in micro-processing processes including production processes, such as a 
semi-conductor represented by IC. LSI. etc.. and LCD, a printed circuit board 
[0002] 

[Description of the Prior Art] In micro-processing processes including the production process of the 
semiconductor device represented by IC. LSI. etc. Apply a photosensitive organic high molecular compound 
to semi-conductor substrates, glass substrates, etc., such as silicon, and a photoresist is developed after 
exposing by ultraviolet rays etc. through the photo mask in which patterns, such as a predetermined circuit, 
were formed. Membranes are formed by CVD. sputtering, etc. on the substrate with which the pattern of a 
photoresist is formed on a substrate and a photoresist is not formed, or etching. RIE (reactive ion etching) 
and the diffusion and the ion implantation by heating of the element of an impurity by drugs are performed' 
And although the film of the photoresist on the substrate which a series of processings ended is removed 
by chemical processing, in production processes, such as LSI, actuation of removing the photoresist film 
performed after applying such a photoresist generally and performing various kinds of processings does not 
remain at once, but is performed several times. 

[0003] Although various kinds of approaches are adopted, since it has a bad influence on a subsequent 
process as removal of the photoresist film is imperfect, removal of the photoresist film needs to remove 
the photoresist film completely. The degree of integration of a semiconductor device increases especially 
like recently, if the line breadth of the circuit of the semiconductor device formed becomes thin, since the 
effect of the residue of the photoresist film poses a big problem compared with the case where a degree of 
integration is low. removing completely is called for and it is performed by the dry process which usually 
uses a wet method or oxygen plasma by the drug solution etc. 

[0004] By the removal approach by wet [ of the photoresist film ]. in order to usually use the sulfuric acid 
and to heighten the oxidation capacity of a sulfuric acid, mixing a hydrogen peroxide is performed By the 
LCD production process. 106 liquid (dimethyl sulfoxide 30% and monoethanolamine 70%) of dedication etc is 
used similaHy. Moreover, drug solutions, such as permanganic acid, are used for removal of the smear of a 
printed circuit board. When performing removal of the photoresist film or the affix which is not desirable 
using these drug solutions, in order to remove the drug solution which has adhered after removing and to 
remove the affix of residue or others further, washing with ultrapure water etc. is performed widely 
[0005] However, it is expensive, it is necessary to use the large drug solution of an environmental load in 
large quantities, and development of a substitute art serves as pressing need by these approaches Then 
the method of removing the affix which is not desirable as for the organic substance etc.. using ozone gas 
as an environment-fnendly substrate art is proposed. There is a substrate art currently indicated by JP 5- 
152270.A as a very promising approach a removal rate is sharply improvable, in it. This approach 
accelerates a removal rate using humid ozone gas. The configuration of equipment is shown in drawing 27 
In this drawing, the substrate 2 is installed in the substrate installation base 3 prepared in the processing ' 
room 1. and the exhaust pipe 13 which discharges the gas in the processing room 1 is formed in the 
processing room 1. and ozonolysis equipment 40 is connected with the exhaust pipe 13. In advance of 
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processing by ozone content gas. the inside of the processing room 1 is sealed and suction removal of the 
gas in the processing room 1 is carried out from an exhaust pipe 13. The substrate installation base 3 of 
the processing room 1 is attached in the revolving shaft, a substrate 2 is rotated in the case of processing 
with an ozone content gas. and it has the structure where processing is carried out to homogeneity 
[0006] Oxygen is supplied to the ozone gas generator 6 from the oxygen tank 43. and in the vapor-liquid 
contactor 7. the ozone content gas which occurred with the ozone gas generator 6 contacts ultrapure 
water, becomes humid, and acts on the processed material of a substrate 2 from the hole 24 which it was 
supplied into the processing room 1 from the ozone content gas supply pipe 8. and was prepared in the gas 
distributor 5. The gas distributor 5 is formed from the quartz, the fluororesin. etc.. and it is formed from the 
porous sintered compact which can pass a perforated plate or a gas so that an ozone content gas can be 
supplied to the front face of a substrate 2 at homogeneity. 

[0007] The ozone in the gas discharged Is decomposed and discharged by ozonolysis equipment 40 out of 
the processing room 1. The ultrapure water supply nozzle 25 for washing a substrate 2 is formed in the 
processing room 1. and ultrapure water washes the 2nd page of the substrate which processing ended 
Gases, such as nitrogen, permute the Interior of the processing room 1 after termination of processing, and 
a substrate 2 is taken out from the processing room 1. and it dries. Since humid ozone with very big 
reactivity is supplied to the interior of the processing room 1 . the inside of the processing room 1 and the 
front face of the equipments of the processing room 1 interior consist of a quartz or a fluororesin. 
L0008J 

[Problem(s) to be Solved by the Invention] According to this official report the removal rate of the 
photoresist film is sharply improved by using humid ozone, and the substrate art currently indicated by 
JP.5-152270>k is indicated that the removal rate for about 0.2-micrometer/is obtained also at a room 
temperature. However, in order to be above by 1 -micrometer/and to put the substrate art by above- 
mentioned humid ozone content gas in practical use. improvements of the further removal rate are 
indispensable conditions, and the removal rate at the time of using the conventional sulfuric acid, the mixed 
liquor of hydrogen peroxide solution, and 106 liquid of dedication to this does not have the example now 
put in practical use. 

[0009] Generally, in a chemical reaction, a reaction rate becomes quick with a temperature rise. Therefore 
the measure which is going to obtain a practical removal rate can be considered by raising substrate 
temperature. However, by the above-mentioned conventional approach of supplying humid ozone content 
gas. even if it heated the substrate, a removal rate was not accelerable, as cleariy written also in the 
paragraph 001 7 of JP.5-1 52270 A 

[0010] This invention is made in order to solve the trouble of the above conventional things, and it aims at 
offering the substrate art and equipment which can aim at fast improvement in processing speed by 
controlling the ratio of the amount of ozone of humid ozone content gas and the amount of steams which 
were supplied to the substrate. 
[001 1] 

[Means for Solving the Problem] The substrate art concerning the 1 st approach of this invention is a 
substrate art equipped with down stream processing by the humid ozone content gas which supplies the 
humid ozone content gas which carried out humidity with processing liquid to the processed material on 
the front face of a substrate, and processes a processed material, and said humid ozone content gas 
contains the steam of more processing liquid than the amount of saturated steam in said substrate 
temperature. 

[0012] Moreover, the substrate art concerning the 2nd approach of this invention In down stream 
processing are the substrate art equipped with down stream processing by the humid ozone content gas 
which supplies the humid ozone content gas which carried out humidity with processing liquid to the 
processed material on the front face of a substrate, and processes a processed material, and according to 
this humid ozone content gas While holding said substrate to temperature higher than a room temperature 
the temperature of said humid ozone content gas is controlled to become said substrate and equivalent 
extent, or more than it. 

[0013] moreover, the substrate art concerning the 3rd approach of this invention ~ the 1st or 2nd 
approach ~ setting — the temperature of said humid ozone content gas ~ substrate temperature — the 
degree of 5 degrees C - 15 degree C — it is controlled to bedome high. 

[0014] Moreover, the substrate art concerning the 4th approach of this invention is equipped with the 
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washing process washed by the penetrant remover containing at least one of the organic solvents which 
contain pure water, aqueous acids, an alkaline water solution and a ketone, or alcohol for said substrate 
after down stream processing by said humid ozone content gas in the 1st or 2nd approach. 
[0015] Moreover, in the 4th approach, said penetrant remover has [ the substrate art concerning the 5th 
approach of this invention ] temperature higher than a room temperature. 

[0016] Moreover, the substrate art concerning the 6th approach of this invention repeats down stream 
processing by said humid ozone content gas. and said washing process two or more times in the 4th 
approach. 

[0017] Moreover, the substrate art concerning the 7th approach of this invention is equipped with the head 
end process to which wavelength irradiates ultraviolet radiation SOOnm or more at the processed material 
on said front face of a substrate before down stream processing by said humid ozone content gas in the 
1 st or 2nd approach. 

[0018] Moreover, in down stream processing according [ the substrate art concerning the 8th approach of 
this invention / on the 1st or 2nd approach and ] to said humid ozone content gas. wavelength Irradiates 
the ultraviolet radiation near 250nm at said humid ozone content gas. 

[0019] Moreover, the substrate art concerning the 9th approach of this invention reduces the amount of 
steams supplied to the processing side of said substrate from said humid ozone content gas along with 
progress of the processing time in down stream processing by said humid ozone content gas in the 1st 
approach. 

[0020] Moreover, the substrate art concerning the 10th approach of this invention reduces the amount of 
steams supplied to the processing side of said substrate fi-om said humid ozone content gas by raising the 
temperature of said substrate along with progress of the processing time in down stream processing by 
said humid ozone content gas in the 1st approach. . . 

[0021] Moreover, the substrate art concerning the 1 1th approach of this invention reduces the amount of 
steams supplied to the processing side of said substrate from said humid ozone content gas in down 
stream processing by said humid ozone content gas in the 1st approach by lowering the temperature of 
said humid ozone content gas along with progress of the processing time. 

[0022] Moreover, the temperature gradient of said humid ozone content gas and said substrate is small set 
up. so that the substrate art concerning the 12th approach of this invention becomes a latter processing 
tub while down stream processing by said humid ozone content gas is performed by two or more 
processing tubs in the approach of of the 9th, and 10 or 1 1. 

[0023] Moreover, the substrate processor concerning the 1st configuration of this invention A substrate 
heating means to hold a substrate to temperature higher than a room temperature, and a humid means to 
carry out humidity of the ozone content gas with processing liquid, and to obtain humid ozone content gas 
A supply means to supply humid ozone content gas to the processed material on said front face of a 
substrate. It has a heating means of humid ozone content gas to heat the airpipe which connects said 
humid means and said supply means, and said humid means, said supply means and said airpipe so that it 
may become the temperature of said substrate, equivalent extent, or more than it, respectively. 
[0024] Moreover, the substrate processor concerning the 2nd configuration of this invention In the 1st 
configuration, said supply means double-*=M'*** the seriate hole with which two or more holes were 
located in a line crosswise [ of the processed material on said front face of a substrate ] at the single tier 
It consists of a gas distributor constituted so that the hole of these two or more trains might not lap with 
the hole of the train which adjoins towards intersecting perpendiculariy with this train, and it is constituted 
so that It may move in the direction in which either [ at least ] this gas distributor or said train and said 
substrate crosses at right angles. 

[0025] Moreover, in the 2nd configuration, spacing between the trains which said gas distributor adjoins of 
the substrate processor concerning the 3rd configuration of this invention is 5mm or more. 
[0026] Moreover, the substrate processor concerning the 4th configuration of this invention is a substrate 
processor which supplies ozone content gas and processing liquid from the processing agent supply plate 
which countered with this processed material and has been arranged to the processed material on said 
front face of a substrate, and while the distance of said processed material front face and said processing 
agent supply plate is 0.1mm - 1.0mm. it is. 
[0027] 

[Embodiment of the Invention] Gestalt 1. drayylng l of operation is the block diagram showing typically the 
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configuration of the substrate processor by the gestalt 1 of operation of this invention. The substrate 2 
held in the processing room 1 is placed on the monotonous heater 4 attached to a pedestal 3. The header 
5 for controlling the flow of gas on a substrate 2 and supplying humid ozone content gas to the processing 
side of a substrate 2 at homogeneity is installed, although not illustrated to a header 5, warm water is 
circulated or heating devices, such as a heater, are established. Moreover, the positive crankcase 
ventilation valve 14 for adjusting the exhaust pipe 13 for exhausting the pump 10 for the demineralised 
water tank 9 for washing, after ozonizing the airpipe 8 for sending the humidifier 7 for humidifying the ozone 
gas generator 6 for generating ozone content gas and ozone content gas and the humidified ozone content 
gas, the ribbon heater 81 for airpipe heating, and a substrate 2. and returning water, and ozone content gas. 
and displacement is formed The thing of a configuration of that a humidifier 7 carries out bubbling of the 
ozone content gas for example, into the processing liquid 26 accumulated in the bubbling botUe 20 as 
shown by drawing 7 (a) is used, and it has the device in which processing liquid 26 is heated. In addition, a 
high ingredient, for example, the quartz glass, a fluororesin, etc. of ozone resistance are used for the part 
directly put to the ozone content gas of each part material. In addition, ozonolysis equipment is combined 
with the exhaust pipe 13 although not illustrated. 

[0028] A substrate art heats a substrate 2 to predetermined temperature first using the monotonous 
heater 4. Moreover, the processing liquid 26 of a humidifier 7. an airpipe 8, and a header 5 are also heated 
beforehand, and the tiemperaitufe beyond the set point of substrate temperature is made to stabilize them 
When the temperature of a substrate 2 is stabilized, the humid ozone content gas in which passed the 
mside of a humidifier 7 for ozone content gas. and humidity was made to mix is supplied to the processed 
matenal (it sometimes only abbreviates [ the processing side of a substrate, or ] to a substrate hereafter) 
of the front face of a substrate 2. When passing through the inside of a humidifier 7. he is trying for ozone 
content gas to include the steam of the amount of saturated steam in the temperature by adjusting the 
contact time of ozone content gas and processing liquid here, although explained in full detail also behind. 
And after a processed material is disassembled by processing of predetermined time, supply of humid 
ozone content gas is suspended, the rinse of the front face of a substrate 2 is carried out using a pump 10 
and a demineralised water tank 9. and a decomposition product etc. is removed. Subsequently, from a 
nitrogen gas cylinder 1 1. nitrogen gas is supplied and a substrate 2 is dried. 

[0029] Next, the gestalt 1 of this operation based on a concrete example is further explained to a detail, 
example 1. — an example 1 is explained first. Thickness formed the photoresist film which is about 1550nm 
as a processed material by applying a positive type photoresist (TOKYO OHKA KOGYO [ CO.. LTD. ] make: 
TFR-B) to the substrate 2 (finishing [ 400nm membrane formation of Cr film on a glass substrate ]) which 
defecated the front face by the spin coater, and performing postbake at 120 degrees C for 3 minutes. The 
photoresist film of the substrate 2 of lOcmxIOcm magnitude was turned upward, was installed on the 
monotonous heater 4 in the processing room 1, and was made to heat to 68 degrees C in drawing 1 . After 
also heating the airpipe 8 and the header 5 at 80 degrees C and each temperature's being stabilized, the 
humid ozone content gas (ozone level: 200g/Nm3) which was made to pass through the inside of the pure 
water heated at 80 degrees C, and was humidified with the humidifier 7 was supplied by 1.251. amount of 
supply for /. The humidity in humid ozone content gas was adjusted so that it might become the amount of 
saturated steam in 80 degrees C. 

[0030] And 80-degree C pure water was supplied to the substrate 2 by 300ml flow rate for /after the 
substrate processing (it may be hereafter called ozonization) by the humid ozone content gas for 1 minute, 
and the decomposed photoresist was removed. The temperature of a substrate 2 was changed on the 
same conditions with 62 degrees C, 72 degrees C, 78 degrees C, and 82 degrees C. and the removal rate of 
the photoresist film was verified. The result of this example 1 is shown in drawing 2 . When the temperature 
of humid ozone content gas was 80 degrees C so that drawin g 2 may show, compared with the approach 
which the earliest removal rate for 1 .25-micrometer/was obtained in the substrate temperature of 68 
degrees C lower 12 degrees C than the temperature of humid ozone content gas. and was indicated by 
conventional JP,5-152270A having been a part for about 0.2-micrometer/, it was a several times higher 
removal rate. Moreover, in the range whose substrate temperature is 62 degrees C - 82 degrees C. the 
removal rate far higher than the conventional approach was obtained. It was proved by controlling the 
temperature of the humid ozone content gas to supply, the processing side. i.e.. the photoresist film, of a 
substrate 2. by this example to become a substrate 2. equivalent extent, or more than it. while holding a 
substrate 2 to temperature higher than a room temperature that the removal rate of the photoresist film is 
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raised. When the amount of steams in humid ozone content gas contained more steams than the amount of 
saturated steam in substrate temperature especially in the substrate temperature of 68 degrees C lower 
12 degrees C than the temperature of humid ozone content gas since the earliest removal rate for 1.25- 
micrometer/was obtained so that cleariy from drawing 2 , it was proved that the removal rate of the 
photoresist film can be raised. 

[0031] Example 2.. next an example 2 are explained. This example 2 makes temperature of humid ozone 
content gas 95 degrees C in the previous example 1. The relation between substrate temperature and a 
removal rate was considered as well as [ example / 2 / this ] the example 1. The result of this example 2 is 
shown in Table 1. As shown in this table 1, in the substrate temperature of 86 degrees C lower 9 degrees 
C than the temperature of humid ozone content gas, the eariiest removal rate for 1 .36-micrometer/was 
obtained. 



:0032] 
Table 1] 


cc) 




6 6 


0. 59 


7 6 


0.6 1 


8 6 


1.36 


9 1 


1.12 



[0033] The result of the above-mentioned example 1 and this example 2 gave very important discovery 
with implementation of Improvement in the speed of a removal rate. That is. the substrate temperature 
vAnch I hear that the optima! substrate temperature for renH>val processing exists, exists to the 
temperature of humid ozone content gas, and gives the eariiest removal rate was temperature lower about 
10 degrees C than humid ozone content gas. Although, as for the removal rate, the one in thermal reaction 
theory where substrate temperature is higher became high, in the case of the example 1 and the example 
2. the optimal temperature gradient existed. This phenomenon is explained in detail below. 
[0034] The removal process of the photoresist film of having used the temperature gradient of a substrate 
2 and humid ozone content gas here is explained to a detail. Since it is necessary to oxidize the component 
of a photoresist even in gas very small molecules, such as a carbon dioxide and a steam, when only ozone 
gas IS supplied to a substrate 2. a removal rate is very slow. On the other hand, the approach of making 
carry out depolymerize to extent by the ozone molecule, and flushing bywater was learned as best 
approach until now. For example, they are the ozone water treatment approach of having dissolved the 
ozone molecule compulsorily into water, the approach of making ozone gas and water act by turns to the 
processing side of a substrate to rotate, and controlling the water screen thickness on a substrate by 
rotation, etc. However, the improvement in a removal rate was not found at the forge fire expected also by 
these approaches. Then, this invention persons showed cleariy that both an ozone molecule and a water 
molecule are need in the reaction mechanism of ozone and a photoresist at oxidation of a photoresist It 
turned out that it is very important to supply a photoresist by the system which is not that to which one of 
ozone and water existed in the overiarge, and was mixed by homogeneity. Although that mechanism was 
not indicated by JP,5-152270.A. the photoresist removal approach using the humid ozone indicated by this 
official report was an effective approach which made sense extremely as an approach of giving the suitable 
moisture content for a reaction. 

[0035] Moreover, generally, although the reaction rate became quick with the temperature rise. JP.5- 
152270A specifies that the removal rate of a photoresist is not improved even if it makes substrate 
temperature high by the humid ozone supply approach indicated by this official report, and, as for the 
chemical reaction, this invention persons also checked the same phenomenon, this invention persons 
showed clearly that this is what is depended on the following causes for the first time. That is, by the 
approach cun-ently indicated by JP,5-152270,A. in order to cause a reaction at a high speed under (1) 
elevated temperature, it discovered originating in the ability of humidity sufficient by the ozone gas into 
which the water of (2) ordinary temperature was dived for a hot substrate not being given [ that a lot of 
moisture than the time of ordinary temperature is required and ]. Moreover, the new moisture supply 
approach of having used the dew condensation phenomenon of water was found out by this discovery If 
substrate temperature is set as temperature lower than hot humid ozone content gas. the moisture in 
humid ozone content gas will adhere on a substrate according to a dew condensation phenomenon. 
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However, it explains using drawingj^ that it is necessary to carry out conditioning of the temperature 
gradient appropriately. In addition, as for an ozone molecule and 16. in drawing 3 . 15 is [ a water molecule 
and 17 J photoresist molecules. 

[0036] (1) When the temperature of humid ozone content gas Is too high compared with the temperature of 
a substrate, in drawmgL? . the temperature of a substrate 2 is lower than 62 degrees C. and specifically 
lower than the temperature of humid ozone content gas, and in a certain case. 18 degrees C or more of 
temperature gradients of humid ozone content gas and a substrate correspond. In this case, since the 
amount of dew condensation to the photoresist molecule 17 top of a water molecule 16 increases too 
much as shown in draw«ng_3 (a), the whole film surface of a photoresist 17 is covered by the water screen 
the attainment to the photoresist molecule 1 7 of an ozone molecule 1 5 is checked by this water screen 
and oxidation of the photoresist molecule 17 stops being able to go on easily. 

(2) When the temperature of humid ozone content gas is too low compared with the temperature of a 
substrate, when the temperature of a substrate 2 is higher than the temperature of humid ozone content 
gas. specifically in drawing _2 . it corresponds more highly than 82 degrees C. In this case, as shown in 
drawing,! (b). a water molecule 16 cannot dew all over the film of a photoresist 17. Therefore only an 
ozone molecule 15 will be supplied to a substrate 2. and will become just like desiccation ozonization 
Therefore, oxidation of the photoresist molecule 17 hardly advances. 

(3) When the temperature gradient of humid ozone content gas and a substrate is suitable, in drawing 2 
the temperature of a substrate 2 is lower than the temperature of humid ozone content gas in 65 degrees 
C - 75 degrees C. and, specifically, equivalent to the range case whose temperature gradient of humid 
ozone content gas and a substrate is 5 degrees C - 15 degrees C. In this case, since the amount of dew 
condensation to the fi-ont face of the substrate 2 of a water molecule 16 becomes the optimal as shown in 
drawings (c). and an ozone molecule 15 can also act all over the film of a photoresist 17. oxidation of the 
photoresist molecule 17 takes place mostly. And photoresist removal at a high speed is attained by 
washing this oxidized photoresist molecule 19 with a lot of water. In drawing 2 . according to in addition its 
reaction temperature being high compared with a room temperature, although the condition the range 
whose substrate temperature is 62 degrees C - 65 degrees C has a little too many moisture contents and 
the range whose substrate temperature is 75 degrees C - 82 degrees C are in the condition which has a 
little too few moisture contents In these range, it was thought that the reaction rate improved it was 
improving farther than the case where a removal rate is JP.5-152270A and sufficient removal rate was 
obtained. Uke the above, this invention finds out the water supply approach in a completely different 
concept fi-om an old ozone art called amount-of-supply control of the water using the difference of 
substrate temperature and humid ozone content gas temperature by clarifying oxidation reaction of the 
photoresist 17 by coexistence of an ozone molecule 15 and a water molecule 16. 

[0037] Since there is a very important point when instrumentating the above-mentioned concept, it writes 
here cleariy. In drawing 1 . if the header 5 for injecting humid ozone content gas to the airpipe 8 which 
cames out a supplied air. or a substrate 2 is lower than the temperature of a substrate 2 even if a 
humidifier 7 generates the humid ozone content gas of temperature higher than the temperature of a 
substrate 2. sufficient effectiveness cannot be demonstrated. That is. when the temperature of an airpipe 8 
IS low. It cannot dew within an airpipe 8 and sufficient moisture cannot be supplied to a substrate 2 either 
Moreover, when the temperature of a header 5 is low. the waterdrop which the dew condensation 
phenomenon happened and it not only cannot supply sufficient moisture to the processing side of a 
substrate 2, but dewed in header 5 part may fall on a substrate 2. When the moisture beyond the need 
adheres to a partial target in the form of waterdrop on a substrate 2. the water screen is resisting and 
ozone gas is not fully supplied to the processing side of a substrate 2. but the photoresist of the part may 
remain as residue. Therefore, it is important comparable as a substrate 2 or to hold at the temperature 
beyond it until it injects to a substrate 2. after carrying out humidity of the ozone content gas That is the 
temperature of humid ozone content gas, an airpipe 8, and a header 5 is controlled almost uniformly and it 
IS effective comparable as the temperature of a substrate 2 or the temperature beyond it and to keep it 
for It to be desirable and higher [ 5 degrees C - 15 degrees C ] as several degrees C - about about ten 
degrees C and a concrete example than a substrate 2. 

[0038] Gestalt 2. drawing 4 of operation is the explanatory view showing typically the configuration of the 
important section of the substrate processor by the gestalt 2 of operation of this invention With the 
gestalt 2 of this operation, the infi-ared heater 12 was installed above the quartz-glass header 5 in the 
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processing room 1. and it considered as the configuration which heats a substrate 2 using the infrared 
heater 12. About other configurations, it is supposed that it is the same as that of drawing 1 . 
[0039] example 3. — here explains the gestalt of this operation concretely according to an example First 
the positive type photoresist (TOKYO OHKA KOGYO [ CO.. LTD. ] make: TFR-B) was applied to the 
substrate 2 (finishing [ 400nm membrane formation of Or film ] on a glass substrate) which defecated the 
front face by the spin coater. and thickness formed the photoresist film which is about 1550nm as a 
processed material by performing postbake at 120 degrees C for 3 minutes. Next, the photoresist film of 
the substrate 2 of lOcmxIOcm magnitude was turned upward, it installed on the pedestal 3 in the 
processing room 1. and the substrate 2 was made to heat to 68 degrees C at the infrared heater 12 in 
"^^^'"^ ^ ■ Aft®'' also heating an airpipe 8 and a header 5 at 80 degrees C and whenever [ each processing 
surface temperature ] being stabilized, it is made to pass in the pure water which heated ozone content 
gas at 80 degrees C. and humidifies, and humid ozone content gas (ozone level: 200g/Nm3) is generated 
And this humid ozone content gas was supplied by 1.251. amount of supply for /. In addition, the humidity in 
humid ozone content gas was adjusted so that it might become the amount of saturated steam in 80 
degrees C. Moreover. 80-degree C pure water was supplied to the substrate 2 by 300ml flow rate 
for /after the ozonization for 1 minute, and the decomposed photoresist was removed. The temperature of 
a substrate 2 was changed on the same conditions, and the removal rate of the photoresist film was 
venfied. The processing result of this example 3 was the same as that of drawing 2 almost. Moreover it 
checked that the same result was obtained as the upper part of a substrate 2. and lower either lines in 
heating of a substrate 2. 

[0040] Gestalt 3. drawing 5 of operation is the explanatory view showing typically the configuration of the 
important section of the substrate processor by the gestalt 3 of operation of this invention. It consists of 
gestalten of this operation so that a pedestal 3 may rotate by the motor 32. Moreover, in this drawing the 
controller by which in 27 a revolving shaft and 32 control a motor and. as for 33. a spacer and 31 control 
rotation of a motor 32. and 40 are ozonolysis equipment, and other configurations are the same as that of 
drawing 1 . 

[0041] The substrate art in the gestalt of this operation passes ozone content gas in a humidifier 7. makes 
humidity mix. and carries out predetermined time supply of the humid ozone content gas obtained by this 
at a substrate 2. Moreover, let supply time amount of humid ozone content gas be time amount shorter 
than the time amount into which all processed materials are disassembled. And after some processed 
materials are disassembled by processing of predetermined time, supply of humid ozone content gas is 
suspended, the front face of a substrate 2 is washed using a pump 10 and a demineralised water tank 9 
and a decomposition product etc. is removed. Above-mentioned down stream processing by humid ozone 
content gas and an above-mentioned washing process are repeated two or more times. Subsequently, from 
a nitrogen gas cylinder 1 1 . nitrogen gas is supplied and a substrate 2 is dried. 

[0042] thus, down stream processing by humid ozone content gas — multiple times — dividing — down 
stream processing — ** — the case where down stream processing is once performed by repeating a 
washing process two or more times for a long time — comparing — processing speed — large ~ it can 
carry out ~ the whole processing side surface of a substrate ~ crossing — homogeneity ~ and it 
becomes possible to process at a high speed. In addition, as the gestalten 1 and 2 of operation explained 
while the above-mentioned substrate processing holds a substrate 2 to temperature higher than a room ' 
temperature, it cannot be overemphasized [ . ] by controlling the temperature of the humid ozone content 
gas supplied to the processing side of a substrate 2 to become a substrate 2. equivalent extent, or more 
than It, and performing it that processing speed can be raised further. Moreover, it cannot be 
overemphasized that the gestalt of this operaUon can be applied also to the substrate processor of the 
type which is not made to rotate the substrate 2 as shown in drawing 1 or drawin g 4 , and the same 
effectiveness is acquired. 

[0043] Next, the example for verifying the effectiveness by the gestalt 3 of this operation is explained 
^^l^A tijrZ ^r°"'' 1550nm photoresist film was formed by applying a positive type photoresist (TOKYO 
OHKA KOGYO [ CO.. LTD ] make: TFR-B) to the substrate (finishing [ 400nm membrane formation of Cr 
film J on a glass substrate) which defecated the front face by the spin coater first, and performing 
postbake at 120 degrees C for 3 minutes. Next, the substrate 2 in which the photoresist film was formed 
was fixed to the pedestal 3 like drawing 5 . and it rotated by rotational frequency 250rpm. The ozone 
content gas set as a part for concentration 3 and flow rate [ of 31. ]/of about 1 70g/Nm made about 2 7% of 
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humidity contain with a humidifier 7. He is trying for the humidifier 7 in this example to accompany humidity 
by putting in water in a bottle and making it pass through ozone content gas once in pure water. Moreover 
spacing of a substrate 2 and a header 5 was set to 2.3mm with the spacer 27. And from the header 5 this' 
humid ozone content gas was supplied for 15 seconds to the substrate 2. and was ozonized to it and' it 
washed with the pump 10 after that by supplying pure water for 10 seconds in a second in four c'c / The 
supply time amount of humid ozone content gas was changed with 30 seconds. 1 minute. 3 minutes, and 5 
minutes on the same conditions, and the thickness of the photoresist film in the rinsing order to each 
ozone processing time was measured. The result of this example 4 is shown in Table 2. In addition, although 
all of these processings were performed at the room temperature, without heating a substrate 2 and humid 
ozone content gas. when a substrate 2. an airpipe 8. and a header 5 are heated, a still better result is 
obtained. 



0044] 
[Table 2] 






<nm) 


(nm) 








15 5 0 


14 6 0 


3 6 0 






15 6 0 


13 4 0 


4 2 0 




1^ 


15 2 0 


114 0 


4 10 




3^ 


1 5 0 0 


6 8 0 


2 9 0 




5d 


14 8 0 


260 


2 5 6 



[0045] As shown in Table 2. although the big change to photoresist thickness was not seen before rinsing 
in which the processing time, it discolored and the front face was sticky. The degree is so remarkable that 
the processing time is long, and it turned out that it is decomposed by humid ozone. Moreover, after these 
nnsings reduction of photoresist thickness was seen depending on the processing time. Therefore It was 
proved by this example by decomposing a photoresist by humid ozonization and removing a decomposition 
product by subsequent rinsing that a photoresist is removable. Moreover, as for processing speed the 
inclination for the processing time to become late as it becomes long was seen so that the term of the 
average removal rate of Table 2 might be seen and might be known. The photoresist which reacted in the 
upper part blocks invasion of ozone gas. and this is reflecting that humid ozone gas has stopped being able 
to act on the photoresist lower part easily, so that the reaction is advancing from the photoresist upper 
part and the processing time becomes long. 

[0046] A repetition experiment is conducted in order that the example 5. example 5 may raise further the 
photoresist exfoliation rate obtained in the example 4. First, it fixed to the pedestal 3 like drawing 5 and 
the substrate in which the photoresist film produced on an example 4 and these conditions was fomied was 
rotated by rotational frequency 250rpm. The ozone content gas set as a part for concentration 3 and flow 
rate [ of 31. ]/of about 170g/Nm made about 2.7% of humidity contain with a humidifier 7. Spacing of the 
processing side of a substrate 2 and the header 5 lower part was set to 2.3mm. In order to verify the 
repetition effectiveness of ozonization. two kinds of experiments shown by the timing diagram were 
conducted on drawing_6 . Drawing _6 (a) is the thing of this example, and drawing 6 (b) is an example of 
reference. In addition, this example of reference does not repeat ozonization so that a postscript may be 
earned out. and it is close to the above-mentioned example 4-4. In this example, humid ozone content gas 
was made as supply for 1 minute from the header 5. and this was repeated 3 times after that by making to 
supply pure water for 10 seconds in a second in four cc /with a pump 10 into 1 cycle. Moreover in the 
example of reference, humid ozone content gas was supplied after supply for 3 minutes from the header 5 
and pure water was supplied for 30 seconds in four cc/[ in a second ]. Therefore, in an example 5 and the' 
example of reference, the aggregate supply of humid ozone gas and water will say mutually that it is the 
same. Next, the photoresist thickness after ozonizing about an example 5 and each example of reference is 
shown in Table 3. In addition, although all of these processings were performed at the room temperature 
without heating a substrate 2 and humid ozone content gas. when a substrate 2. an airpipe 8. and a header 
5 are heated, a still better result is obtained. 
[0047] 
[Table 3] 
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(nm) 


(nm/^) 






44 0 


3 7 0 




3^> 


6 6 0 


2 8 0 



[0048] As shown also in Table 3. the direction of processing by this example which are ozonization and 
repetitive operation of washing compared with the example of reference, and the exfoliation rate was large. 
Moreover, since the exfoliation rate of the example 5 of Table 3. and the example 4-2 of Table 2 and the 
exfoliation rate of 4-3 were equivalent even when the total time amount of ozonization was 3 minutes in 
the case of an example 5, the inclination for an exfoliation rate which was seen in the example 4 to be 
reaching the ceiling was not seen. It was proved that an exfoliation rate can be further improved by 
repeating the processing and rinsing processing by humid ozone content gas for every fixed time amount 
and performing them by this example 5. 

[0049] In addition, in this example, although supply time amount of the humid ozone content gas at the time 
of a repetition was made and rinsing processing was made into 10 seconds In a second in four cc /for 1 
minute, also when supply time amount of humid ozone content gas was made into 30 seconds. 45 seconds, 
and 1.5 minutes, respectively and the cycle of [ in four cc /] 10 seconds for rinsing processing was 
repeated 3 times in a second after that the exfoliation rate was larger than one prolonged processing 
corresponding to each processing time. 

[0050] Moreover, although oxidation reaction of the photoresist by the continuing humid ozone content gas 
may be checked if the water screen is formed when the pure water introduced by rinsing processing 
remains on a substrate front face Since spacing of the processing side of a substrate 2 and header 5 in 
drawing 5 is set up very short with _2.3mm in the case of the gestalt of this operation. Then, the 
superfluous moisture introduced by rinsing processing is efficiently blown away by the humid ozone content 
gas introduced, and it can also be mentioned as one of the effectiveness by it that inhibition of the 
oxidation reaction by the water screen was able to be prevented. In addition, although spacing of the 
processing side of a substrate 2 and a header 5 is not limited to 2.3mm, it is desirable for there to be also 
balance with the rotational speed of a substrate 2. the spray velocity of the humid ozone content gas from 
a header 5. etc., and to set it as 1mm - about 20mm. Moreover, respectively although [ with an example 5 / 
the time amount of ozonization and rinsing processing / each repetition ] it is the same, you may change 
for every repetition and the same effectiveness is acquired also in this case. 

[0051] Gestalt 4. drawing 7 of operation is the explanatory view showing typically the configuration of the 
important section of the substrate processor by the gestalt 4 of operation of this invention, and. for 20. as 
for an ultrasonic radiator controller and 23, an ultrasonic radiator and 22 are [ a hot plate and 26 ] 
processing liquid in this drawing, for example, a bubbling bottle and 21 are pure water. The configurations of 
a humidifier differ and drawing 7 (a), (b). and (c) of other configurations are the same as that of the case of 
the gestalt 1 of operation respectively. . Drawing 7 (a) by making requirements ON **** pure water 26 
carry out bubbling of the ozone content gas into the bubbling bottie 20 The case where the humidifier of a 
configuration of generating humid ozone content gas is used is shown. Drawin g 7 (b) The ultrasonic radiator 
21 is installed in the lower part of the glass bubbling bottie 20. A water molecule is driven out in a gaseous 
phase by adjusting the output of the ultrasonic radiator controller 22. The case where the humidifier of a 
configuration of generating humid ozone content gas by making ozone content gas contact is used is 
shown. Drawing 7 (c) The pure water in the bubbling bottie 20 is heated to the temperature of arbitration 
using a hot plate 23. a water molecule is driven out in a gaseous phase, and by making ozone content gas 
contact shows the case where the humidifier of a configuration of generating humid ozone content gas is 
used. 

Example 6., next the gestalt 4 of this operation are further explained based on an example 6. An example 6 
like the case of said example 4 about the humidification approach by the three above-mentioned kinds of 
configurations number [ of a substrate 2 ] of rotations: — 250rpm and ozone level: — by 3 and ozone 
content quantity-of-gas-fIow:3l./Nm about 170g / Absolute humidity: About 2.7%, it is referred to as 
spacing:2.3mm of the processing side of a substrate 2, and a header 6. and consider processing by humid 
ozone content gas. and the conditions for 10 seconds consider rinsing processing in a second in four 
cc /for 1 minute. The result of this example 6 is shown in Table 4. In addition, although these processings 
were performed at the room temperature, without heating a substrate 2. an airpipe 8, and a header 5. when 
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a substrate 2, an airpipe 8, and a header 5 are heated, a still better result is obtained 

':0052] 

[Table 4] 







(nro) 


(nm) 






(a)n*7'»jvr 


15 5 0 


10 8 0 


4 7 0 






15 5 0 


1100 


4 50 






1560 


1090 


470 



[0053] As shown in Table 4, the differenfce was not seen by the average removal rate in which humidifier 
configuration. This is considered for the moisture more than the amount of saturated steam equivalent to 
the temperature of an airpipe 8 to liquidHze according to a dew condensation phenomenon, and to adhere 
to a tube part while passing along an airpipe 8. even if humidity differs at the time of humidification of 
ozone content gas. Therefore, also in which humidification approach, the moisture content which reaches a 
substrate 2 is always the amount of saturated steam in ambient temperature. I.e.. the temperature of an 
airpipe 8 or a header 5. and it was proved that any humidification approach is effective in generation of 
humid ozone content gas. Moreover, it became clear to depend on the temperature of an airpipe 8 or a 
header 5 for the moisture content supplied to a substrate 2 greatly. It turns out also in the semantics that 
it is required to keep the temperature of an airpipe 8 or a header 5 high. 

[0054] The example 1 of an example of comparison 1. comparison conducts the same experiment using the 
desiccation ozone gas which does not let a humidifier 7 pass, in order to clarify effectiveness of humid 
ozone further. Rrst. about 1550nm photoresist film was formed by applying a positive type photoresist 
(TOKYO OHKA KOGYO [ CO.. LTD. ] make: TFR-B) to the glass substrate (finishing [ front face / 400nm 
membrane formation of Or film ]) which defecated the front face by the spin coater, and performing 
postbake at 120 degrees C for 3 minutes. 

[0055] Next, the substrate 2 in which the photoresist film was formed was fixed to the pedestal 3 like 
drawing 5 . and it rotated by rotational ft-equency 250rpm. Spacing of a substrate 2 and a header 5 was set 
to 2.3mm. The ozone content gas (dew-point -50 degrees C) set as a part for concentration 3 and flow 
rate [ of 31. ]/of about 170g/Nm was supplied to the substrate 2 for 1 minute fi-om the header 5. and it 
washed with the pump 10 after that by supplying pure water for 10 seconds in a second in four cc /. In 
addition, the above-mentioned processing was performed at the room temperature, without heating 
substrate 2 grade. Moreover, the supply time amount of ozone content gas was changed with 3 minutes 
and 5 minutes on the same conditions, and the thickness of the photoresist film in the washing order to 
each ozone processing time was measured. The result of this example ** of a comparison is shown in 
Table 5. 



[0056] 
[Table 5] 
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(nm) 


(nm) 


(nm/^) 


it^m 1 - 1 


1^ 


15 5 0 


15 4 0 


1 0 






15 5 0 


15 10 


1 3 




5» 


15 5 0 


1500 


1 0 



[0057] As shown in Table 5, the decrement of photoresist thickness was not dependent on the processing 
time after rinsing, and hardly decreased. Therefore, for desiccation ozone, it was proved by this example of 
a comparison that oxidative degradation of a photoresist cannot advance easily. 

[0058] In Table 4 and 5, the clear difference was found in the photoresist exfoliation rate by humid ozone 
content gas and desiccation ozone content gas. Then, the water after rinsing was analyzed about the 
example 6-1 of Table 4, and the example 1-1 of a comparison of Table 5. In order to measure the total 
amount of organic substance and to compare TOO (Total Organic Cartaon) measurement and an ionicity 
compound, ion chromatography analysis was performed. The result is shown in Table 6 
[0059] 
[Table 6] 
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62. 3 


27 


20. 8 


9. 2 




4. 2 


1. 7 


1. 3 


0. 4 



[0060] As shown in this table 6, the value with the high TOC analysis value of the water after the 
processing (processing of an example 6-1) by humid ozone content gas is shown, and many photoresist 
decomposition products are included. The ion chromatography analysis of the direction of the rinsing water 
after humid ozone content gassing was [ the total amount of detection ] large similariy depending on the 
amount of exfoliations (removal). Each detected ion was carboxylic acids. This is known as an end product 
in the reaction of the organic substance and ozone. It turned out that it is the molecule generated by the 
reaction of humid ozone content gas and a photoresist, and most is the organic acid shown with carboxylic 
acids although humid ozone and a photoresist molecule reacted and were generated, since the total 
concentration and TOO concentration of those organic carboxylic acids detected by ion chromatography 
analysis were almost equal. On the other hand, the organic substance was hardly contained in the rinsing 
water after desiccation ozonization (processing of the example of reference). This result can be called what 
shows that existence of a water molecule is indispensable to oxidation reaction of a photoresist. That is. 
the photoresist exfoliations by ozone were considered to be the dissolution and removal by oxidization of 
the photoresist by the ozone molecule, and the water of the ft-agmentation photoresist molecule which 
carried out oxidization decomposition until now. However, removal processing of the photoresist film by 
ozone became clear [ going on by the reaction mechanism of the dissolution and removal to ozone, the 
ozonate of the photoresist by the water molecule, and the water of the fragmentation photoresist molecule 
hydrolyzed and disassembled ] by the result obtained by this example. 

[0061] Although explained focusing on the case of a small substrate until now [ of operation / gestalt 5. ]. 
the method of rotating and processing a substrate with plates with big size, such as a substrate for LCD. is 
not so practical. Drawing 8 is the explanatory view showing typically the configuration of the substrate 
processor by the gestalt 5 of operation of this invention, and shows the configuration of a processor 
effective in processing of large-sized substrates, such as LCD. especially. This substrate processor 
consists of the preheating section 51 of a substrate 2. the ozonization section (ozonization tub) 52, the 
rinsing section 53. and a dryer part 54. A substrate 2 is continuously conveyed in the inside of equipment 
with a roller 55 in an one direction, for example, and the photoresist film on a substrate 2 is removed. In 
addition, conveyance may be gradually performed, whenever it is not continuous and each processing 
finishes. 

[0062] The preheating section 51 is a part which heats the substrate 2 beforehand, and is constituted like 
drawing 9 . drawing 9 — setting — 61 — for a filter and 64. as for a hot blast injection header and 66. a fan 
duct and 65 are [ a blower and 62 / a heater and 63 / a thermometric element and 67 ] controllers. The 
warm air heated at the heater 62 is injected to a substrate 2 through a fan duct 64 with a blower 61, and is 
heated. In addition, the filter 63 is installed in the ventilation circuit so that a contaminant etc. may not 
adhere to a substrate 2. Moreover, hot blast is injected from the hot blast injection header 65 prepared in 
both the front faces and rear faces of a substrate 2 so that a substrate 2 may not curve according to the 
difference of the thermal expansion on the rear face of front at the time of heating. When the size of a 
substrate 2 was 730mmx920mm, the temperature up of the substrate 2 was able to be carried out to 
predetermined temperature (for example, 80 degrees C) in about 30 seconds by injecting gas, such as air 
to a substrate 2 with a part for the heating capacity of 3kW. and 20m3/of quantities of gas flow, and the 
gas temperature of 100 degrees C. If the temperature of a substrate 2 is raised not much quickly, since the 
crack resulting from the distortion and distortion of a glass plate will occur, as for a heating up time, it is 
desirable to set it as 20 seconds or more. Moreover, for control of gas temperature, the gas outlet 
temperature of a heater 62 was measured with the thermometer 66, and it carried out to it by adjusting the 
electrical potential difference of a heater 62 by the controller 67 so that gas temperature may become 
fixed. In addition, even if it does not use warm air. preheating is possible also by immersing a substrate 2 
into warm water. However, it is necessary to dry the substrate 2 after heating completely in this case It is 
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because it becomes impossible to process the part of waterdrop at the time of the humid ozonization by 
the next step if the substrate 2 has not got dry completely. If it thinks from the magnitude of equipment 
cost and equipment, the heating by warm air is more advantageous. Of course, lamp heating is effective 
similarly. 

[0063] The straight-line-like nozzle 56 in which die length has long and slender opening of the shape of a 
slit equivalent to the width of face (namely, lay length which intersects perpendicularly with the migration 
direction of a substrate) of a substrate 2 is formed in the ozonization section 52, humid ozone content gas 
is injected from this slit-like nozzle 56 to a substrate 2. and the photoresist on a substrate 2 is removed. 
Moreover, the gas guide 57 is formed in the ozonization section 52, and the humid ozone content gas 
injected from the nozzle 56 flows like an arrow head, and is used effective in processing of a substrate 2. 
The aperture width of a slit had the effective range of 0.1mm - 1mm. However, when aperture width was 
set up not much small, it became clear that the humid ozone content capacity injected by the variation In 
aperture width changes regarding the place, and produces variation for the removal engine performance of 
a photoresist. It is necessary to cross the variation in the aperture width of a slit to the whole region, and 
to keep it desirable for **10% or less of precision **50X with this equipment. Moreover, since it dews there, 
and the supply moisture contents to a substrate 2 run short or there is a possibility that the moisture 
which dewed may fall as waterdrop on a substrate 2 when hot humid ozone content gas reaches the nozzle 
56 section, and the temperature of the nozzle 56 section is low. it is necessary to set up the nozzle 56 
section more highly than [ the gas temperature of humid ozone, and ] comparable. Moreover, if the heating 
means which can carry out the temperature up of the ozonization section 52 whole of roller 55 grade to 
humid ozone gas-temperature extent similaHy is arranged, since there is also no problem of dew 
condensation and a substrate 2 does not get cold, it is effective. Moreover, although not illustrated, the 
heating means is formed also in the airpipe which connects the humidifier and humidifier which humidify 
ozone content gas. and a nozzle 56. Moreover, the ingredient of the ozone resistance of quartz glass, a 
fiuororesin. etc. is used for the part put to the ozone of the ozonization section 52. 
[0064] Although not illustrated in the rinsing section 53. the penetrant remover injection nozzle which 
injects a penetrant remover from the upper and lower sides to a substrate 2 is prepared, and it is 
constituted so that the substrate 2 ozonized in the ozonization section 52 can be washed. Moreover, 
although not illustrated to a dryer part 54, the nitrogen gas injection nozzle which injects nitrogen gas from 
the upper and lower sides to a substrate 2 is prepared, and it is constituted so that the substrate 2 
washed in the washing section 53 can be dried. 

[0065] The gestalt 6 of operation of gestalt 6. this invention of operation is constituted using the substrate 
processor indicated in the gestalt 5 of previous operation like the publication to drawing 10 of the humid 
ozone content gas injection nozzle used for this substrate processor. Drawing 10 (a) is the sectional view 
of this nozzle, and, similariy drawing 10 (b) is the side elevation of this nozzle. With the gestalt of this 
operation, the humid ozone gas injection nozzle 121 is constituted so that slit width can be adjusted, and it 
IS effective in homogenization of the photoresist removal engine performance. For a flow control nozzle and 
122, as for humid ozone content gas supply opening and 124. in drawing 10 , the screw for flow control and 
123 are [ 121 / an incubation water feed hopper and 125 ] the straight-line-like nozzle sections. 125a is 
the movable plate prepared in the nozzle section 125. for example, the thin aluminum plate by which 
alumite processing was carried out is used, and the part is joined to the nozzle section 125 by welding etc. 
Humid ozone content gas is introduced from a feed hopper 123, and is injected from the nozzle section 
125. Two or more screws 122 for flow control are formed in the nozzle 121, and by adjusting this screw 
122, it can adjust so that movable-plate 125a is moved, it may change, the aperture width of the nozzle 
section 125 may be crossed to the whole region and a homogeneous quantity of gas flow may be obtained. 
Moreover, by pouring incubation water from the incubation water feed hopper 124 to the nozzle 121 
interior, before the steam in humid ozone content gas reaches a substrate 2, it has prevented that dew in 
the nozzle section 1 25 and the photoresist removal engine performance falls. 

[0066] In order to face suggesting the gestalt 7 of operation of gestalt 7. this invention of operation and to 
offer a cheaper nozzle, it replaced with the slit nrold nozzle and the hole mold nozzle was examined. 
Drawing H is drawing explaining an operation of a general hole mold nozzle. In this drawing, a hole for 130 
to inject a hole mold nozzle and for 131 inject humid ozone and 132 are humid ozone content gas supply 
openings. Thus, a nozzle can be manufactured with high precision and cheaply by forming a nozzle in two or 
more holes (hole) 131. On the other hand, the pitch p between the optimal holes 131 is filling outline p**d 
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depending on the distance d between a nozzlQ 130 and a substrate 2, and the good photoresist removal 
property was acquired. However, when seen minutely, as shown in drawing 1 1 . it was checked that a 
photoresist is easy to be removed directly under a hole 131, and it is hard to be removed between holes 
131. Between holes 131. as this similarly showed drawing 1 1 , although excessive moisture was removed 
directly under hole 131 for the gas stream, since the moisture conversely removed directly under hole 131 
collected, it changed into the condition of hydration and it became clear that a removal operation of a 
photoresist fell. 

[0067] The above-mentioned technical problem is solved and having realized photoresist removal of high 
performance further explains the configuration of the nozzle concerning the gestalt 7 of ♦* and this 
operation using drawing 12 with the gestalt 7 of operation of this invention. In addition, the gestalt 7 of the 
configuration of the whole substrate processor of this operation is the same as that of what was indicated 
in the gestalt 5 of operation. As shown in drawing 12 . the nozzles 140 and 141 of a hole mold were 
arranged In 2 train serial to the travelling direction of a substrate 2. the hole of the nozzle 141 of eye two 
trains was arranged in the center section of the hole of the nozzle 140 of eye one train, and the hole, and 
the hole is arranged alternately. Thus, although moisture is accumulated between holes with the nozzle of 
the front row when a substrate 2 is relatively moved to a nozzle 140.141 by constituting, with the nozzle of 
the following train, the moisture accumulated by the nozzle of the front row is removed, the moisture 
thickness on a substrate 2 is homogenized, and the removal engine performance of a photoresist is 
improved. In this case, when spacing of both the nozzles 140 and 141 is too near, effectiveness is small, 
and 5mm or more, if the distance x between both the nozzles 140 and 141 is set as 20mm or more, it is 
desirably effective. The pitch p between the holes optimal also in this case was a time of filling outline p**d 
to the distance d between a nozzle 140.141 and a substrate 2. Of course, a nozzle is arranged in a three or 
more-train serial, and if the location of a hole is arranged so that the nozzle of each train may not lap. it 
cannot still be overemphasized that effectiveness becomes higher. 

[0068] As explained above. It is the cross direction 0 of the processing side of a substrate 2 as a supply 
means of humid ozone content gas. Namely, the seriate hole (hole 140.141) with which two or more holes 
were located in a line in the relative-displacement direction over the nozzle 140.141 of a substrate 2, and 
the direction which goes direct at the single tier A double sequence-of-numbers ****** gas distributor is 
used so that a hole may not lap between the trains which the direction, i.e.. the relative-displacement 
direction of a substrate, which intersects perpendiculariy with a train adjoins. By constituting so that either 
[ at least ] this gas distributor or the substrate 2 may be moved in the direction which intersects 
perpendiculariy with the train of a seriate hole (hole 140.141) It becomes possible to carry out substrate 
processing using the gas distributor of the hole mold which can be manufactured cheaply and with high 
precision, without reducing processing efFectiveness. 

[0069] Gestalt 8. drawing 13 of operation is drawing explaining an operation of the inclination mold nozzle 
concerning the gestalt 8 of operation of this invention. With the gestalt of this operation In the gestalten 5- 
8 of each above-mentioned implementation, the configuration of the nozzle which injects humid ozone 
content gas It considers as an inclination mold so that a certain amount of include angle theta may be 
given to the travelling direction (namely, the relative-displacement direction over the nozzle 140,141 of a 
substrate 2) of a substrate 2 and humid ozone content gas may be injected. The way which gives and 
injects a certain amount of include angle theta to the travelling direction of a substrate 2 as shown in 
drawing 13 checked that the photoresist removal engine performance was improved rather than having 
injected gas perpendiculariy to a substrate 2. As for theta, the good result was obtained in 10 to 30 
degrees whenever [ tilt-angle ]. Since the speed of advance of a substrate 2 was added to the jet velocity 
of gas and the removal engine performance of a photoresist has been improved at the time of the collision 
to the substrate 2 of humid ozone content gas, this is considered. 

[0070] Gestalt 9. drawmg J4 of operation is the explanatory view showing typically the configuration of the 
substrate processor by the gestalt 9 of operation of this invention. In this drawing, 58 is a high-pressure 
ultraviolet ray lamp. If the high-pressure ultraviolet ray lamp which emits the ultraviolet radiation near the 
wavelength of 350nm is installed before ozonizing by installing a high-pressure ultraviolet ray lamp in the 
preheating section 51 of a substrate etc. as shown in drawing 14 . the removal rate of a photoresist will be 
improved. In the usual photoresist, an azide radical exists in an end and ozone gas is consumed for 
processing of this azide radical. However, it found out that decomposition processing of this azide radical 
was earned out, and reduction of ozone consumption and improvement in the speed of processing speed 
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could be realized by irradiating ultraviolet rays beforehand. In addition, if it is ultraviolet rays in order to 
process an azide radical, although there is nothing and it is enough in energy, since it is absorbed only on a 
photoresist front face in the ultraviolet rays of not much short wavelength and is hard to permeate to the 
interior of a photoresist ingredient with regards to wavelength, the way 300nm or more which used the light 
of long wave length comparatively can process the whole photoresist, and is effective. 
[0071] Gestalt 10. dr awin gJS of operation Is the explanatory view showing typically the configuration of 
the substrate processor by the gestalt 10 of operation of this invention. In drawing 1 5 , 59 is a low- 
pressure mercury lamp which emits the ultraviolet radiation near the wavelength of 250nm, and it forms the 
gas guide 57 with the quartz glass which penetrates ultraviolet radiation, and it constitutes it from a gestalt 
of this operation so that the ultraviolet radiation near the wavelength of 250nm may be irradiated from the 
upper part of the gas guide 57 to the humid ozone content gas injected from the nozzle 56. The ultraviolet 
radiation near the wavelength of 250nm decomposes ozone, and generates the strong oxygen radical of 
oxidization resolving power rather than ozone. There is effectiveness which lowers the ozone level In 
exhaust gas by this oxygen radical while being able to decompose the remainder (residue) of a photoresist. 
[0072] Although carried out, the penetrant remover, for example, the pure water, of a room temperature, 
gestalt 11. washing of operation can usually improve the removal rate of a photoresist further, if warm 
water is used here. The gestalt 1 1 of operation uses warm water as a penetrant remover. Drawing 1 6 is 
drawing for explaining the substrate art by the gestalt 1 1 of this operation, and shows the presentation of a 
melt when the pure water of a room temperature and 70-degree C pure water wash. In drawing 16 . (a) 
about the case where the pure water of a room temperature washes after injecting humid oxygen gas (b) 
about the case where the pure water of a room temperature washes after Injecting 79-degree C humid 
ozone content gas (c) about the case where 85-degree C pure water washes after injecting 79-degree C 
humid ozone content gas About the case where the pure water of a room temperature washes, (d) shows 
the result to which this invention persons measured the component and concentration of an organic acid In 
treated water by experiment, respectively, after injecting the humid ozone of a room temperature. This 
drawing shows that a removal rate becomes quick and the ratio of higher order organic acids, such as 
oxalic acid, is Increasing to melt by washing with warm water like [ in (c) ]. That is. since the underwater 
solubility of an organic acid becomes high and dissolution removal also of the high order organic acid is 
carried out by washing with warm water, it can be said that the removal rate of a photoresist becomes 
quick. 

[0073] Although the gestalt of gestalt 12. above-mentioned each implementation of operation explained the 
case where pure water was used as a penetrant remover, if the solution which Is easy to dissolve the 
photoresist molecule by which depolymerize was carried out Is used, the removal rate of a photoresist will 
improve further. The gestalt 12 of operation is made from such a viewpoint. The organic solvent which is 
desirable as a penetrant remover in the gestalt 1 1 of this operation as for the solution which is easy to 
dissolve the photoresist film after ozone and a reaction, and contains alcohols [. such as aqueous-acids; 
ammonium hydroxide. /. such as ketones, such as an alkaline water-solution; acetone, and isopropanol. ]. 
such as pure water, an ultrapure water; sulfuric acid, a hydrochloric acid, a nitric acid, an acetic acid, and a 
hydrogen peroxide; it can choose from the group which becomes a list from those mixture. It is useful to 
carry out minute amount addition of the drug solutions, such as the above-mentioned aqueous acids, an 
alkaline water solution, ketones, and alcohols, as a penetrant remover In a semi-conductor manufacture 
process especially at removal of the residue which solidified after the case where Ion is doped to high 
concentration (for example, 1015 piece/cm2), or etching. 

[0074] Of course, it not only uses ozone as shown with the gestalt 12 of gestalt 13. implementation of 
operation, and the solution which is easy to dissolve the photoresist film after a reaction at the time of 
washing, but you may use it as processing liquid for carrying out humidity of the ozone content gas. The 
gestalt 13 of operation is made from such a viewpoint. What is necessary is just to specifically put in a 
solution as shown in the bubbling bottle 20 with the gestalt 12 of the above-mentioned implementation in 
drayvlngj as processing liquid. In this case, the amount of the solution used compared with the gestalt 12 
of operation can be lessened, and it is more effective. 

[0075] The substrate art by the gestalt 14 of this operation Is explained as compared with the photoresist 
removal process of the conventional general LCD using the example of down stream processing at the time 
of applying to the photoresist removal process of liquid crystal (LCD) using gestalt 14. of operation, next 
drawing J_7 , The photoresist removal process of the conventional general LCD consists of the washing 
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process 71. the washing process 72 with bubble jet (trademark), the backwashlng-by-water process 73 by 
ultrasonic impression, the last washing (final rinse) process 74 by ultrapure water, the rotation desiccation 
(spin-dry) process 75. and six steps of washing processes with 2 times of 106 liquid, as shown in drawing 
17 (b). Moreover, at the photoresist removal process of LCD of this general former, in order to move to the 
following production process, the pretreatment washing process for full removal of a drug solution (106 
liquid) and reforming on the front face of a substrate (wettability improvement) is needed. This process 
consists of the ultraviolet-rays down stream processing 76, the brush washing process 77. the bubble jet 
washing process 72, an ultrasonic backwashing-by-water process 73, and a rotation desiccation process 
75, as shown in drawingjj (c). Therefore, since no less than 1 1 steps of processes were needed for 
photoresist removal and pretreatment washing and the processing tub corresponding to them was also 
needed, the removal approach of the above-mentioned general former had caused a cost rise and increase 
of a footprint (equipment plottage). 

[0076] On the other hand, the substrate art by the gestalt 14 of operation of this invention makes a basic 
process the preheating process 51 . the down stream processing 52 by humid ozone content gas. the 
washing process 53 with an AKUA knife, and the desiccation process 54 by the air knife, as shown in 
drawing 17 (a). An AKUA knife and an air knife inject water and air to a substrate, respectively, and wash 
and dry a substrate. Moreover, in the case of the photoresist which is hard to remove, the down stream 
processing 52 by humid ozone content gas. the washing process 53 with an AKUA knife, and the 
desiccation process 54 by the air knife should just be further added to a serial. In this case, it is more 
effective to use warm water and warm air for rinsing of the preceding paragraph and the desiccation 
processes 53 and 54. in order to prevent the fall of the substrate temperature after rinsing desiccation. 
[0077] According to the gestalt of this operation, this invention persons checked that a photoresist 
removal process was realizable with the number of processing tubs (seven tubs) of the former (six tubs) 
and equivalent extent, without using a drug solution (106 liquid) at all. Not using the drug solution (106 
liquid) with it. the running cost could be reduced sharply and has realized the substrate art also with a still 
smaller environmental load, and the substrate processor. [ high purity and ] [ expensive ] In addition, 
although here showed the case where the down stream processing 52 by humid ozone content gas. the 
washing process 53 with an AKUA knife, and the desiccation process 54 by the air knife were repeated 
twice, in the case of the object which in the case of the processing object which is easy to remove 1 time 
is sufficient as and is hard to remove, repeat processing may be performed 3 times or more. 
[0078] When there is furthermore the surface treatment effectiveness in humid ozone like UV irradiation 
and humid ozonization was carried out it became clear that pretreatment washing which was being 
performed conventionally is completely unnecessary. That is. according to the substrate art by the gestalt 
of this operation shown in drawing 17 (a), it turned out that not only the conventional photoresist removal 
process but the pretreatment washing process which is the following step is realizable for coincidence. 
Thereby, the number of processing tubs could also be reduced sharply and sharp reduction of a footprint, 
in SHARU cost. etc. has been realized. 

[0079] Although premised on the gestalt of each operation more than gestalt 15. of operation not changing 
intentionally the amount of steams from the humid ozone content gas supplied to the processing side of a 
substrate 2 (moisture content) into the processing time, and presupposing that it is fixed When this 
invention persons continued research further, they found out that there was room to improve further the 
amount of steams (moisture content) supplied to the processing side of a substrate 2 in the approach of 
fixing and processing from humid ozone content gas in this way. The gestalt 15 of operation describes the 
point which has the room of such amelioration first based on this knowledge. 

[0080] The temperature of 68 degrees C of the substrate 2 which is the optimum conditions in the above- 
mentioned example 1 , Although the photoresist film is removable at a high speed by part for average 
speed/ of 1 or 25 micrometers in the eariy stages of down stream processing when processing is continued 
at the temperature of 80 degrees C Even if the granular residual membrane before and behind the diameter 
of 1mm remained on the substrate 2 from the down-stream-processing middle and it increased the 
processing time, it became clear that this granular residual membrane is easily unremovable. Then, as a 
result of analyzing this residual membrane component, it is the same as that of the photoresist component 
of a basis, and it became clear about this granular residual membrane that oxidation treatment by ozone 
had not accomplished at all. As a result of investigating the dew condensation condition of the processing 
side of a substrate 2. and the removal process of a photoresist in a detail after that, it became clear to 



JP,2001-223206,A [DETAILED DESCRIPTION] 



16/21 ^— V? 



generate this granular residual membrane in a process as shown in drawin g 1 8 . In addition, drawing 18 R> 8 
(a) shows the state of aggregation of the processing liquid in the substrate front face of the initial stage 
which during after processing initiation does not have, and drawing 18 (b) shows the state of aggregation of 
the processing liquid in the substrate front face in the second half of processing. Moreover, in drawing 18 , 
31 and 32 show the substrate and photoresist film which were attached to the processing side of a 
substrate 2, such as Cr. respectively, and 33 shows a water molecule. By the approach of giving humidity 
to the processing side of a substrate 2 using the temperature gradient of humid gas and a substrate 2, as 
shown in drawingLlS (a), the part (**** 34) for which processing liquid gathers spherically in respect of 
processing of a substrate 2 with the surface tension of a liquid etc. is generated In this part, the thickness 
of processing liquid becomes thick with about 1mm or more, this processing solution layer checks the 
contact to the photoresist of ozone, and the removal rate of a photoresist falls extremely. In the part 
which 34 did not generate on the other hand, oxidization decomposition of the photoresist by ozone 
and hydrolysis with processing liquid work good, and a photoresist is decomposed at a very eariy rate. 
Thus, the photoresist of a part without 34 of processing liquid is removed, and it is thought that the 
photoresist of the part under **** 34 remained as a granular residual membrane 35. Furthermore, when 
processing progresses, a photoresist component is removed completely and a substrate 31 is exposed to a 
front face (refer to drawin gJ^gtS (b)). for hydrophobicity [ substrate / 31 ]. the processing liquid of this 
part will be crawled and still a lot of processing liquid will usually cover the front face of the granular 
residual membrane 35 which is a hydrophilic property. If it will be in such a condition, ozone will be supplied 
through a thick processing solution layer, and a removal reaction will not progress at all. 
[0081] Based on such research, the gestalt 15 of operation was made in order to improve the gestalt 1 of 
operation further, and immediately after processing initiation, it reduces the amount of steams supplied to 
the processing side of a substrate 2 from humid ozone content gas as the humid ozone content gas 
containing the steam of an initial complement is supplied to a substrate 2, most photoresists are removed 
at a high speed and processing advances. By taking such an approach, the gestalt 15 of operation 
prevented supply of a superfluous steam to the granular residual membrane, and succeeded in removing a 
granular residual membrane at a high speed. In addition, also when the direction which the granular residual 
membrane remained and supplied the ozone content gas of dryness completely in the culmination of 
processing depending on the direction was effective, it saw. Anyway, by reducing the amount of steams 
supplied to the processing side of a substrate 2 from this humid ozone content gas, the processing time of 
a granular residual membrane was able to become eariy, and time amount required in order to remove a 
photoresist completely was able to be sharply decreased as the processing by humid ozone content gas 
progressed. 

[0082] Drawing 19 shows the temperature setups of the art of the substrate 2 by the gestalt 15 of 
operation. As shown in drawing 19 . oxidative degradation of the photoresist is carried out for wrap 
processing volume to a high speed as a moderate thing, the amount 2 of steams which gives the moderate 
difference (for example, about 5 degrees C) to the temperature and humid ozone content gas temperature 
of a substrate 2 in eariy stages, and is supplied to the processing side of a substrate 2, i.e., the substrate, 
of processing. Since wrap processing volume increases the processing side of a substrate 2 as processing 
progresses, the temperature of a substrate 2 is raised and wrap processing volume is restricted for the 
amount 2 of steams supplied to the processing side of a substrate 2. i.e., a substrate. Furthermore, before 
being in the condition that processing puts in a culmination and a granular residual membrane occurs, wrap 
processing volume is further reduced for the amount of steams which the temperature of a substrate 2 is 
raised further and supplied to the processing side of a substrate 2, i.e.. the processing side of a substrate 
2. Finally, the removal effectiveness of a photoresist becomes [ the direction which made temperature of 
humid ozone content gas higher than the temperature of a substrate (it is not not necessarily the need by 
the class of the ingredient for removal, or substrate 31) 2 ] high. Moreover, as shown in drawing 20 , even if 
it is not necessary to change the temperature of a substrate 2 smoothly along with progress of the 
processing time as shown in drawin^^ , and it changes it gradually, it has the same effectiveness. 
[0083] The gestalt 16 of gestalt 16. implementation of operation develops the art of the gestalten 17 and 
18 of the above-mentioned implementation into a processor effective in processing of the large-sized 
substrates 2. such as LCD. and shows this equipment to drawing 21 . In drawing 21 . a substrate processor 
consists of the preheating section 51 of a substrate 2. the ozonization section 52. the rinsing section 53. a 
dryer part 54. etc. On the other hand, a substrate 2 is continuously conveyed in the inside of equipment in 
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a direction with a roller 55. for example, and the photoresist film of the processing side of a substrate 2 is 
removed. In addition, conveyance may be made to convey, whenever it is not continuous and each 
processing finishes. In addition, the preheating section 51 is a part which heats the processing substrate 2 
beforehand. Moreover, the straight-line-like nozzle 56 in which die length has long and slender opening 
equivalent to the width of face (namely, lay length which intersects perpendicularly with the migration 
direction of a substrate 2) of a substrate 2 is formed in the ozonization section (ozonization tub) 52. humid 
ozone content gas is injected from this slit-like nozzle to a substrate 2. and the photoresist of the 
processing side of a substrate 2 is removed. Moreover, the gas dust 57 is formed in the ozonization section 
52. and the humid ozone content gas injected from the nozzle flows like an arrow head, and is used 
effective in processing of a substrate 2. Furthermore, the heater 58 for heating a substrate 2 is installed in 
the upper part of a gas dust 57. And the temperature of a substrate 2 was controlled to adjust the laying 
temperature of each heater 58 and to be shown in the lower part of drawing 21 . In addition, although the 
axis of abscissa was made into the processing time in drawing 19 and drawing 20 . with the equipment of a 
Rhine mold like drawing 21 . it is convertible as a function of a location x. That is, if the bearer rate of a 
substrate 2 is set with v, it can express x=vt. As compared with the case where a substrate 2 is processed 
with constant temperature as shown all over drawing, the entire photoresist was completely removable by 
the time amount below one half. 

[0084] Although the temperature of a substrate 2 was raised with advance of processing with the gestalten 
15 and 16 of gestalt 17. implementation of operation It is made to reduce the amount of steams contained 
In this humid ozone content gas by reducing the temperature of humid ozone content gas with advance of 
processing with the gestalt 1 7 of this operation. Wrap processing volume is reduced for the amount of 
steams suppjied to the processing side of a substrate 2, i.e., the processing side of a substrate 2. The 
temperature setups of the substrate art by the gestalt of this operation are shown in drawing 2222 . An 
axis of abscissa shows the processing time and an axis of ordinate shows each temperature of a substrate 
2 and humid ozone content gas, respectively. As shown in drawing 22 , in eariy stages of processing, the 
moderate difference (for example, about 10 degrees C) is given to the temperature of a substrate 2, and 
the temperature of humid ozone content gas. and oxidative degradation of the photoresist is carried out 
also to that of moderate humidity at a high speed. And since wrap processing volume increases the 
processing side of a substrate 2 as processing progresses, the temperature of humid ozone content gas is 
fallen and the amount of entrainers Is restricted. Furthermore, before being in the condition that processing 
puts in a culmination and a granular residual membrane occurs, the amount of steams which falls further 
and supplies the temperature of humid ozone content gas is reduced. The basic principle is the same as 
the gestalt 15 of operation. 

[0085] Although the gestalt 18 of gestalt 18. implementation of operation is theoretically the same as the 
gestalt 16 of the above-mentioned operation, it enables the cure of a granular residual membrane by 
setting up the temperature of a substrate 2 highly the about 52 latter ozonization section while changing 
temperature gradually every ozonization section 52. when using two or more ozonization sections 52. as 
shown in drawing_23 . In this case, since the resist component by which depolymerize was carried out is 
accumulated into processing liquid, it is desirable to introduce a rinsing process into the latter part of the 
ozonization section 52. 

[0086] Although the gestalt 19 of gestalt 19. implementation of operation is theoretically the same as the 
gestalt 17 of the above-mentioned operation, when using two or more ozonization sections 52. and the 
latter part sets up the temperature of humid ozone content gas low. it did so the same effectiveness as 
the gestalt 18 of said operation, and carries out [ as shown in drawing 24 . ] it. In this case, the direction 
which supplied the dry gas, without supplying humid gas may excel [ section / 52 / of the last stage / 
ozonization ] in the resist removal engine performance. 

[0087] In the gestalten 1-19 of each operation of the gestalt 20. above-mentioned of operation, although 
the processing side of a processing substrate was set upwards in the ozonization section 52 and humid 
ozone content gas was injected from the upper part of a processing side, the gestalt 20 of this operation 
sets a processing side downward, as shown in drawing 25 , and injects humid ozone content gas from a 
lower part to a substrate 2. Since it is hard to generate **** 34 shown in drawing 18 and temperature 
control width of face of a substrate 2 or humid ozone content gas can be enlarged if it does in this way. 
cheap equipment can be offered. 

[0088] In removal of the organic substance which used ozone gas. having found out that it was important 
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for extent which does not become resistance of supply to the photoresist of ozone gas to make thickness 
of processing liquid thin including the necessary minimum processing liquid which melts an organic acid has 
the fundamental way of thinking of gestalt 21. this invention of operation. And although the approach using 
the humid ozone content gas which made [ many ] the amount of saturated steam as this somatization 
fnZl^i^ been described, with the gestalt 21 of this operation, it indicates about a new approach 
L0089] DraMQ^ .s drawing showing the configuration of the important section of the substrate processor 
by the gestalt 21 of operation of this invention. The equipment by the gestalt of this operation has 
equipped, the processing agent supply plate 5. i.e.. the header, which countered with the pedestal 3 which 
fixes a substrate 2. and its pedestal 3. and was installed in the processing room 1 which is the sealed 
space. Two or more processing agent feed holes are prepared in the header 5. and ozone content gas and 
processing hquid (photoresist removal liquid) are supplied to the processing side of a substrate 2 from 
those feed holes. Spacing of a header 5 and a substrate 2 is 0.1 mm - 1 mm. Although it constitutes from 
drawing 2 1 so that it may introduce into a header 5 after mixing processing liquid with ozone content gas 
with an ejector 100. you may introduce separately and ozone content gas and processing liquid may be 
further supplied to the processing side of a substrate 2 from separate feed holes 
[0090] Next, before explaining the removal process of the photoresist film using the equipment by the 
gestalt of this operation shown by drawing_26 . the removal process of the photoresist film by the common 
substrate processor of the type made to rotate a substrate is explained below. Rrst. a substrate is fixed to 
a substrate stage and a substrate is rotated at a predetermined rotational frequency. Then, from a header 
ozone content gas and processing liquid are turned to a substrate, and are supplied. The photoresist film 
on ozone and a substrate reacts at this time, it reacts with the moisture in processing liquid, and it 
hydrolyzes and the photoresist film is low-molecular-weight-ized while oxidative degradation is carried out 
It dissolves into processing liquid and the low-molecular-weight-ized photoresist film is removed fi-om a 
substrate fi-ont face with processing liquid. Therefore, processing liquid has the desirable solution which is 
easy to dissolve the photoresist film after ozone and a reaction, and can be chosen from the organic 
solvent containing alcohols, such as ketones [. such as aqueous-acids; ammonium hydroxide. /. such as an 
alkaline water-solution; acetone. ]. such as pure water, an ultrapure waten sulfuric acid, a hydrochloric acid 
a nitnc acid, an acetic acid, and a hydrogen peroxide, and isopropanol. and the group which becomes a list ' 
from those mixture. To removal of the residue which solidified especially after the case where ion is doped 
to high concentration (for example. 1015 piece/cm2) in a semi-conductor manufacture process as 
mentioned above, or etching, minute amount addition of drug solutions, such as the above-mentioned 
aqueous acids, an alkaline water solution, ketones, and alcohols, is useful 

[0091] Moreover, in order to remove the photoresist film at high speed, it is desirable to supply ozone 
content gas continuously and to supply processing liquid intermittently. Because, if processing liquid is 
supplied continuously, a photoresist film ft^ont face will be covered by the film of processing liquid it will 
become drfficult for ozone to arrive at a photoresist film fi-ont face, and a photoresist film removal rate will 
fall On the other hand, if processing liquid is supplied intermittently, according to rotation of a substrate 
and a gas stream, it is removed fi-om a photoresist film fi-ont face, and efficiently, ozone can arrive at a 
photoresist film front face. and. as for photoresist film removal liquid, can react. On the other hand if there 
are little the amount of supply and supplying fi-equency of photoresist film removal liquid, a photoresist film 
fi-ont face dries, and since photoresist film removal liquid required to dissolve the photoresist membrane 
component by which it was low-moleculai^weight-ized after moisture and ozone required for hydrolysis 
and a reaction runs short, the removal rate of the photoresist film will fall. Therefore, in order to remove 
the photoresist film at high speed, it is necessary to supply the photoresist film removal liquid of the 
amount optimal on the photoresist film. 

[0092] Moreover, in order to raise a photoresist film removal rate, while supplying the photoresist film 
removal liquid of a complement to hydrolysis and the dissolution of the photoresist film, it is necessary to 
supply ozone to a photoresist film front face efficiently. However, in order to satisfy this requirement many 
parameters called an ozone content quantity of gas flow, a rotational frequency, the supplying frequency of 
processing liquid and the amount of supply of processing liquid must be optimized. Moreover if it is going 
to remove the photoresist film quickly to homogeneity, since the substrate will rotate, as the location of 
the direction of a path on a substrate becomes outside, a centrifugal force becomes large and the 
residence time of the processing liquid in the location becomes shorter. For this reason, it is necessarv to 
arrange processing liquid feed holes in the direction of a path, and to adjust that flow rate 
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[0093] The gestalt 22 of this operation reduces the parameter of optimization by narrowing spacing of a 
substrate 2 and the header 5 which supplies a processing agent with 0.1mm - 1mm to such a problem That 
IS. If spacing of a substrate 2 and a header 5 is made very narrow with 0.1mm - 1mm. since the path of the 
ozone content gas formed between a substrate 2 and a header 5 and processing liquid will become narrow 
processing liquid is extruded by the outside of a substrate 2 by ozone content gas. Therefore, the liquid 
membrane of processing liquid is not formed in a photoresist film front face, and ozone content gas can 
contact a photoresist front face efficiently. Thus, since processing liquid is extruded by the outside of a 
substrate 2 by ozone content gas. a substrate 2 cannot be rotated and ozone content gas and processing 
liquid can both also be supplied continuously. Therefore, the parameter for raising a photoresist film 
removal rate serves as spacing of a substrate 2 and a header 5. a flow rate of ozone content gas. and a 
flow rate of processing liquid, and decreases. Although the ozone molecule exhausted out of a system 
increased without contacting a photoresist film front face when spacing of this substrate 2 and header 5 
was larger than 1mm. the establishment to which an ozone molecule contacts the photoresist film was able 
to become high, and was able to make ozone content gas react efficiently by narrowing spacing of a 
substrate 2 and a header 5 with 0.1mm - 1mm. In addition, as for removal processing of the photoresist 
film by the gestalt of this operation. It is desirable to make temperature of a substrate 2 or processing 
liquid higher than a room temperature, and to perform it and its processing speed improves further in this 
case. 



[0094] Although the gestalten 1-21 of operation of the gestalt 22. former of operation have explained only 
removal of the photoresist film, this invention is concerned with the substrate processing which used 
ozone. I.e., the oxidation reaction control using ozone, and is mainly fundamentally effective in disassembly 
of the organic substance. The gestalt 22 of operation of this invention is applied to fields other than 
removal of such photoresist film. As this application, washing of a semi-conductor substrate or a liquid 
crystal substrate. DESUMIA processing of a printed wired board, washing of a mounting substrate, cleaning 
washing of precision components, etc. can be hung up. furthermore, the melanism of the field in connection 
with metaled oxidation treatment, or a printed wired board — also in the field which used the metal content 
drug solution conventionally [, such as processing. ]. it is effective. 

[0095] An example of such an applicable field is explained still more concretely. In the build up substrate of 
the multilayer structure currently used in large fields, such as an object for cellular phones, a blind hole 
(beer hall) is made by laser, and. generally the so-called laser beer method which forms in the hole the flow 
hole which connects a vertical layer electrically by performing nonelectrolytic plating is used. However in 
the punching process, it remains in a hole, the bond strength of plating is dropped, or the organic 
substance (glass epoxy etc.) of a base material will check the flow between layers, when severe and it 
poses a big problem. The process which removes a smear, a call, and these leftovers for the leftovers of 
this organic substance is called the DESUMIA process. Conventionally, generally DESUMIA is performed 
using the large drug solution of environmental loads, such as permanganic acid soda. However, since the 
viscosity of that waste fluid processing is a problem and permanganic acid is high and DESUMIA in the hole 
of a small path is difficult, promising ** of the ozone is carried out as an alternative process 
A below example 7. example explains the gestalt of this operation further. An example 7 performs the same 
processing as the gestalt 1 of operation explained to the above-mentioned DESUMIA process That is 
substrate temperature was made into 60 degrees C. and humid ozone content gas higher about 20 de^ees 
SJof«« A ^^^^'^ temperature was injected to the substrate. And it turned out that this case can realize 
DESUMIA at the quickest rate. Moreover, in above-mentioned DESUMIA. this example 7 showed that the 
temperature gradient higher than this temperature gradient was suitable, although the optimal temperature 
gradient of a substrate and humid ozone content gas was about 10 degrees C in the process of old 
photoresist removal. It is thought that this has the large place depended on the swelling effectiveness of 
the moisture to a glass epoxy group plate. In addition, when the dry ozone gas which does not carry out 
humidity was injected to a substrate. DESUMIA was hardly made. Moreover. DESUMIA of the small hole of 
a path was also possible and DESUMIA of the bottom of a hole with 50 micrometers [ of diameters ] and a 
depth of 100 micrometers was also possible by spraying humid ozone content gas on a high speed with a 
nozzle. Thus, it has a large meaning that DESUMIA of the field which could not be accomplished in the 
conventional drug solution, i.e.. a minor axis, and the hole of a high aspect ratio was realizable by using 
humid ozone content gas. 
[0096] 
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[Effect of the Invention] As mentioned above, the substrate art by the 1st approach of this invention It is 
the substrate art equipped with down stream processing by the humid ozone content gas which supplies 
the humid ozone content gas which carried out humidity with processing liquid to the processed material 
on the front face of a substrate, and processes a processed material. Since said humid ozone content gas 
contains the steam of more processing liquid than the amount of saturated steam in said substrate 
temperature and .t can give the optimal moisture content for a reaction to a substrate, it can raise the 
processing speed of a substrate. 

[0097] Moreover, the substrate art by the 2nd approach of this invention In down stream processing are 
the substrate art equipped with down stream processing by the humid ozone content gas which supplies 
^Ji tJe frl?r.lT K^f ' which earned out humidity with processing liquid to the processed material 
cont nfrr. ? L substrate and processes a processed material, and according to this humid ozone 
content gas Since the temperature of said humid ozone content gas is controlled to become said substrate 
and equivalent extent, or more than it while holding said substrate to temperature higher than a room 
temperature Since the optimal moisture content for both reactions which makes reaction temperature high 
r^/^oo? F""^" *° ^ substrate, the processing speed of a substrate can be raised P a e nign 

i. oonl l^^''^ l^* ^""^ ^PP-?^*^*^' ^•"<^« the substrate art by the 3rd approach of this invention 

.s controlled so that the temperature of said humid ozone content gas becomes high whenever [ 5 degrees 
moai? • r f « t«"^P«''ature. it can speed up the processing speed of a substrate .Sore 

[0099] Moreover in the 1st or 2nd approach, since the substrate art by the 4th approach of this invention 

oiianT^r nr^K*^r''^"^ "'"""'^ ^^^'^^ -o-^-^^ least one of C 

organic solvents which contain pure water, aqueous acids, an alkaline water solution and a ketone, or 

alcohol for said substrate after down stream processing by said humid ozone content gas. it can speed up 
the processing speed of a substrate more. . !»peea up 

[0100] Moreover, as for the substrate art by the 5th approach of this invention, in the 4th approach from a 
T^slZ^tTr!:™ temperature is high, said penetrant remover can speed up the processing spe^d 

[0101] Moreover, since the substrate art by the 6th approach of this invention repeats down stream 
processing by said humid ozone content gas. and said washing process two or more times in the 4th 
approach, it can speed up the processing speed of a substrate more 

[0102] Moreover, the substrate art by the 7th approach of this invention Although an azide radical exists in 
an end for example by the photoresist since wavelength was equipped with the head end process v^ich 
irradiates ultraviolet radiation 300nm or more at the processed material on said front face of a sub^ate 
nrIr..trfT^'" -r''T'T.'*^ said humid ozone content gas in the 1st or 2nd approach Decomposition 
more .nd^r!^^? t " ''^'"^'^ '^^'^^""^ wavelength irradiates ultraviolet radiation SOOnm or 

I^aSed °^ consumption and Improvement in the speed of processing speed can be 

5.!!?^ the substrate art by the 8th approach of this invention In the 1st or 2nd approach, in 

^adrtiornear'^JsSnrrf 7'^ ^'""^ wavelength irradiates the ultraviolet 

radiation near 250nm at sa.d humid ozone content gas Since, as for the ultraviolet radiation near 250nm 

TthtTh ^^^^'"Pr^" ^"^ ^'^y^^" oxidization resolving power is generated 

rather than ozone, there is effectiveness which can lower the ozone level in exhaust gas by this oxygen 
radical while raising substrate processing speed. oxygen 

S!°'*l^*°T''!!; i" ^„^t^PP''^^^h. in down stream processing by said humid ozone content gas since 
the substrate art by the 9th approach of this invention reduces the amount of steams supplied to ^he 

Ze lTJ .7 ' ^"'"^ ^"'"'^ ^"^"^ ^'th progress of the processing 

Ti n^l Photoresist does not remain granular and it can raise the processing speed of a substrate 
L0105J Moreover, in the 1st approach, in down stream processing by said humid ozone content gas since 

^rLe" f "'V'^f'^ T "''"r '"'^ '•^^"^^^ ^--"t of steams suTpnId to the 

processing side of said substrate from said humid ozone content gas by raising the temperature of said 

rat'eThe'of ""^ '^'^^^^^""^ ^ photoresist does not remain granular andYt can 

raise the processing speed of a substrate. 

[0106] Moreover the substrate art by the 1 1th approach of this invention In down stream processing 
according [ on the 1st approach and ] to said humid ozone content gas Since the amounT of steams 
supplied to the processing side of said substrate from said humid ozone content gas by lowering the 
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temperature of said humid ozone content gas along with progress of the processing time is reduced, a 
photoresist does not remain granular and the processing speed of a substrate can be raised. 
[0107] Moreover, in the 1st approach, as for down stream processing by said humid ozone content gas. 
since the substrate art by the 12th approach of this invention set up small the temperature gradient of said 
humid ozone content gas and said substrate so that it became a latter processing tub while being carried 
out by two or more processing tubs, a photoresist does not remain granular and it can raise the processing 
speed of a substrate. 

[0108] Moreover, the substrate processor by the 1st configuration of this invention Supply the humid 
ozone content gas which carried out humidity with processing liquid to the processed material on the front 
face of a substrate, and process a processed material. A substrate heating means to be the substrate 
processor used for an approach given in any [ claim 1 thru/or ] of 8 they are. and to hold said substrate to 
temperature higher than a room temperature. A humid means to carry out humidity of the ozone content 
gas with processing liquid, and to obtain humid ozone content gas. A supply means to supply humid ozone 
content gas to said substrate surface processed material. Since it had a heating means to heat the airpipe 
which connects said humid means and supply means, and said humid means, a supply means and an airpipe 
so that It may become the temperature of said substrate, equivalent extent, or more than it. respectively 
Since the optimal moisture content for both reactions which makes reaction temperature high can be given 
to a substrate, the processing speed of a substrate can be raised. 

[0109] Moreover, the substrate processor by the 2nd configuration of this invention A double sequence- 
of-numbers ****** gas distributor is used so that it may not lap with the hole of the train which adjoins 
crosswise [ of the processed material on the front face of a substrate ] towards intersecting 
perpendiculariy with a train the seriate hole with which two or more holes were located in a line with the 
single tier as a supply means in the 1st configuration. Since it constituted so that either [ at least ] this 
gas distributor or a substrate might be moved in the direction at which said train is crossed, it becomes 
possible to carry out substrate processing using the gas distributor of the hole mold which can be 
manufactured cheaply and with high precision, without reducing processing effectiveness. 
[0110] Moreover, in the 2nd configuration, since spacing between the trains which a gas distributor adjoins 
IS 5mm or more, the processing effectiveness of the substrate processor by the 3rd configuration of this 
invention of a substrate improves more. 

[01 1 1] Moreover, the substrate processor by the 4th configuration of this invention Since it is in the 
substrate processor which supplies ozone content gas and processing liquid from the processing agent 
supply plate which countered the processed material on the front face of a substrate with this processed 
material, and has been arranged while the distance of a processed material front face and a processing 
agent supply plate is 0.1mm - 1.0mm Since the optimal moisture content for a reaction can be given to a 
substrate even if there is no rolling mechanism for controlling the moisture content on a substrate etc., the 
processing speed of a substrate can be raised with very cheap equipment. 



[Translation done.] 
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*j:^<DUS.Ji>) 1 2*Cfi(r»SSSS6 8'CCC*st>-C 1 . 

2 5 um/fy(omhmi^m^i^m9hti. ^<Dnm 
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^b-l 5 22 7 0^^lC^fjk:$il.tc-^mt^!^0. 2 
r>fc. tfc. S«SK*S6 2*C~8 2'C<D®HK:*jC> 

IStC«IST4am:/>#W:y;«Diag?:»«2 iPIII 

1 2*Cffit^SSSS6 8-C{C*il,» 
r. 1. 2 5/im/^J(D^'b^C^^*iia*if#*=>n/cC 

(003 1 } mmm2. - xic. mmm2 ic-o\,^x^m-r 

5. C<DlU60«2»5t©ll«6Wl«:*jt,»-c. SS+'y> 

2{c-5t,»-c*>jfeifewi ii5jD<»«iag[i^*jie[<t© 

20 ^1 {CC<Dj|]Ke92<Di«*=&^-r. C 

0 9 'CigC^S^jaS 8 6 •C(c*sC»-C. 1 . 3 6 u m/» 
[0032] 



[^1 ] 



^tS?am CC) 




6 6 


0.59 


7 6 


0.6 1 


8 6 


1. 36 


9 1 


1.12 



30 

(003 3] iiaSIJSCT 1 isj;iU:^mm2<Dmms.. 

*':^<fcD«>it^l 0-Cga[®t»Sg-c*r>fc. f^fb^Slt. 

40 [0 0 3 4] cc-cmU2tmni*v>^^*f:^^<ou 
tt, hus^;^J-©^»^-K<bsE^-?>*^^':£t'® 

50 Xi**3^5{cfgffl3#. IilfK{cJ:-,-cSffi±©*ISJf 



9 

fiSr*^,Ci*i»7!P-5/c, 1$P§Jp5 - 1 5 2 2 7 0^ 

[0035] * /c. -««C{t^JSlc.tiSS±^<!: i *>tC 
jKlo^*sa< i^ia^S - 1 5 2 2 7 0#4i« 

¥5-1 52 27 (m^K.^m^tlXK.^^-^-C\t. 

( 1 ) KfiT-ciSi^{cStD?r*a-r/ci*K:», ^S^J: •} 
fe^ficD7K^*5i£<S-C*?, C i , ( 2 ) SiS©**^6 

1 5 «+^/>:»^. 1 6«*^. 1 7 tt7 * h U 
[0 03 61 (1) S?S^V^>^WX7XC[)zaK7!>sS« 
:g:i*efJK:«, S2{C*jCirfJ, S«2tD?gSdi, 6 2-C 

i^-Sti^tCtB^T^., CCDit^li. 03 (a) Jc^-T 
i^tc. tK^H^I 6©7* hUi?;^h^l 7±'N©i^ 
SS*stK JtcOiaffS^K:. 7 * h u-:;;^ h i 7<om± 

* h Ui>x 1 7-vCDf<))t*spi#sn. 
X h 1 7 ©g^{b*5jtff LtC <<tSii>. 

( 2 ) sja^i- y >Si&*'x©iSK*sa«©sKecH:'< 

mi^micit. 02(cteC>-C«. ®tS2©©g*s. 8 2°C 

•^tcta^-rs. c©ii^{j. 0 3 (b) cc^r.t'^K:. 

6»7* h Ui^X h 1 7©K±®(C*SS-rSC 
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7©K^b{^«^^^•ji^funf^>. 
«^ 

02«:*>t»-C(3:. SS2©iaS*i. 6 5*C 
-7 5x:©ffilffl-cajS:tV>^«;</;^©iaSJ:D(S< . 
SjS^'/>^W:^7'XiSSi©Sg^A55"C~l 5*C© 
KHti^tCffl^^^.. C©ti^W, 0 3(c)K:^i^^J:^ 
10 «c4c^ 1 6 ®SS 2 ©aS'^©MSfiA5S® i J^f *) . 

1 5 <>7 * hbi^X H 7®K^ffi{Cftfflr 
-5c<»:*ir*5©-c, :?* 7©^{t** 
SKSc^,. -eo-c. c©K{fcu/c7* I- ui^x h^)^^ 

S3&«6 2 •C~6 5 •C©eii«;d<^S*s^-^>gJT^5l* 
^. S«iift3&i7 5'C~8 2*C©eH»*^S*s 

■^•?>ii>^i-r*-simr*-5.«5©©. si£jaa*5^s«:j;t 

20 /»5f6l±L/c<>©i#A6n. ^^iiS*s^^¥5 - 1 5 
2270-^^©«^<t"34)«S*^«:[S}±L<r*5'3. + 

1 5 i*^^ 1 6 ©«^K: J; S7 * h Ui?X h 
1 7©K{b]S)E&«rlB6*«(c-r-S.citci-5r. ttms 

[0037] ism^^vmitr^m-^. mtbxmmrj: 
30 •ss7-cs«2©sa[<fc 0 twt>jas©Mis^:/>^w 

«2©aKJ;0<b®<^Cort»-2><fc. +»^t5a)S*^» 
■r4C<!:;!^-C*^j:C», tUf^ib, ^«8©iaS*tffiC» 

iS^ccti. iilM^8rt-Ci^st/-c+^^f7k^^SK2tc 

2©®ii®Ccet*&-r-2.C<t*5-C#^ct,i/cW-C^c< . *ss 
U/c*jS*sSS2JiK:^-r-5cifcabD?SS. S«2 
40 ±{C7kig©Jg-cgKJW{c.i:.Sfe(±©7K^*i(*af^ S i . 

■^OimtmVitU'yX. ^^/>;^'X*s+^{cSS2© 

M?H^i*fc?^tt. s«2{ci>gs*-ri*-c. mm2hmm 

g*sm3:^niii±©jag-c«}WL/-cte< ci^^ffp^-c 

PJSa*^)l,^{J-5-nt(±©zaa. M*L/<{J»S2J:f) 

»'c~+fSfcfiS. {^i ox 5 -c- 1 5 'cm < 

50 U-yXis< C^ifim^X$)i>. 



u 

[0038] mm<Dmm2 m4 «. ^^m^oymmoyB 
mm-cs>i>. **Si©jKJg2-c«. 9ms.\^<o^ii 

[0039] SUMl^C C-C. SUfei^tc J: 0*»fe<O 

2 (^7:^»S±«CCrJg*4 0 0ninfiJtJRSri?>) «:5j< 

* h Ui^X h <^j£:^tX» (*|c) S! : T F R - 10 
B) *Xf>3-^f-(Cj;-7rMflIL/. 5j<Xh-i-5'?r 

1 2 0-C-C35>if^C<t-Cfiy2ia!B5ibrJ12*i|^jl 5 
5 0 nni©7* h Ui^X FM^J^fiKb/c, S4«: 
*Jt,>-C, 1 0 cmx 1 0 cm®:^#$<0SS2<t>7* h 

f-M?:±|6l#{Cbt:j!!lS^m(DS-&3±«C^g 
1/. *J1-i^fc-^ 1 2«:i;oT«ffi246 8 -C*r-ttll^ 
Sim^B^SiCf^-y^f^S *>8 O-CtCttlSll/. 

(sTv^ViSS : 2 0 0 g/Nm') 20 

-s. -eur. ccD?aiM*v">^*r:</x^ i . 2 5 

mx 8 0 -cecfe w i>mmpmsm. trj:?,j:^ icmm l 
tc. *A:. 1 v>Mats, a 0 0 m 1 /^©Sfe 

S-C8 0'C©tie**S«2«:«t^U, :»Mb/c7 * F U 

Fii3®^j!iai*^{i02<fc«(xpfiir*-:>fc, */c. mn 

2 CDftllgl^Sg 2 ©±gi5*J J: CTFSPi- ^ 6 6if -:> T 

[0040] *]56©Jf$,^3 . S 5 *^B3©J?ife©J^ 
fi|3 «:J:.6SSi&a$^g©sg|j©«^>&^^W{ciS-riji 

mm'c$>?>. *iUfe©jKMr», s^3*s*-3'3 2{c 

l^r, 27»X'<— tf. 3 1«|51fei|, 32(**-$, 

3 3tt*-^f3 2©|5Ii5^$IJ®^i=i>ha-^. 40 

[004 1 ] c<Dmm<Dmmici6t,ii,s^ms:f3mi,t. 

-eur. 3T^R!FRg©MSfCj:o-CMa!!iS!B!l©-ge*! 
^^^nfcfgtt. SiS^^/>^W*'X©tti^?:<?±b, 
^^^-'l 0*sJ;CX*fi*5?>i'9€:fllt»-CStS2©^®<& 
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[0 04 2] c©ck^{c. Sia:i-!/>$W5^'XK:<t.Si!5 

«g<b«c^. ttis^ *S6©}^<gl*jJ:C)f2-Cift?gofc©i 
ID^cc, ±ias«/i!ian. S«2*^iaJ:»)igi^iUg«: 

tj: ^ i: ^ icmm vxn^c tic J: f). ^shicfmm&^S: 

|S)±3l±?.C<b*s-C#-S©»m^*T?fc^j:c*„ ttc. * 
SliS©J&S§W@ 1 icmL fcii^ tsiW&.2 *|plfe 3 

[00431 ;JCCC. :*:«6©?^,^3CC J:-55aim**tiiE^ 

■5)rcJJ)©lllffe«?lK:-oc»-c|{iig-r'5. 

ice rM^40 OnmfiSJS^.J^f) (C^'i^igy* h US^X 
h (^^JCtWbxm (^) ^ : TFR-B) ?:Xf>n- 
^'-CCj:-5-C^<lSl/-C. ;J<X h'<-^41 2 0'C-C3^ 
^f^Ci-Cf^l 550nm©-7* YViyX hM^JfJfiXb 
fc. ^XCC. 7* hUSxX Hg^JfJB£L/cSK2?:a5© 
J:^«:a^3{c@5£l/r. leieiK25 0 r pm-CHKb 
/c. agS*«Jl 7 0g/Nm\ S£fi3 1 /»{cS:SO/c 
:t'/>$W:yx». aiSS7{Cj:-5t:. *5j2. 7%©M 
e[*S*3-ete, *SISfetS|-c©ttiSS7tt, 
7k?:A*i/c^>©-C*0> :*-^/>$W**X*^*ifJ{C— K 

^. */c. X--c-1^2 7CCJ:«5. S«2<t-^5'i!'5<b© 
SO. -e©f^{ijJ<>:7"l 0 4cJ;-,r*67K^4 c c/#-C 

1 o«fa«t&uri5fe^*?f o/c. i^sc^fr-esH:*-'/ 

>SW:^*X©e±*&B5rBl?r3 0S\ S^J'i^ 
j^-C. S^:/>*JiaB#F^(c>^-r.5*?5t©H«^-C©:7* h 
Wi^X Hg©/?3:g:giJSl^/c, C©||;teC!J4©ifell«r^ 

SC<b/j:<, cn6©*!La«^r^s-c?f-^/cAs, 
^cM^ff ens. 

[0044] 
[«2] 



(8) 
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:tv> 












(nm) 


(nm) 


(nm/^) 






15 5 0 


14 6 0 


3 S 0 




30^ 


15 6 0 


1340 


4 2 0 






15 20 


114 0 


4 10 




3^ 


15 0 0 


6 8 0 


2 9 0 


mmm 4-5 


5^ 


14 6 0 


2 6 0 


2 5 8 



[0 04 5] ^2{C7n3tiiJ:^«:. l^-TtiCDMS^P^ 

{cfct,i-c*>*gtBi|-c». y*l ui^x hMJf tc;*c*^c^ 

X©«A*S«Sb. a?S*V^>i</XAS7 * > US^Xf T 

[0046] ii%gi|5. mmm 5 ». sysc^i 4 -cf#e>n 



iSSi^ 1 7 0 s/nm' , j^aS 1 
l^/£:*^/>^W^XB, JjnSS7K:j;o-C. *5j2. 7% 



*^iET^fc*{c. setdSj-f A^+- h-cii^-r2aS(D 

10 mm^'iT-ifc. S6 (a) ». *:|IS6WIC[)4>©-C*»). 
06 (b) B. #^Wt?**. i5c*J. C<D#^09«. ^ 

2®Si]tetfi4-4(cja(,»fc<D-r*s. 
^.i^5*^e>Mia*v^>SW:tfx* i^}ra«t&. ■t®?itc 
d<>71 0«:J;'>-Cffi?K«r4 c c/fJ-'Tl 0«.fig«*&-r 
SCi^lif-TfJl/iUT. cn*3|5|^0iIl//£:. * 
fc. #^«-r». ^r? ^^^SJ&i^SjH^V^^^WX/X^rS 
^PBltt*&tt. 16*5:4 c c/»-C3 0#PBl«*&Ufc, L 

20 >:*!/x*jJ:&f7k©*ge^*&a«5(<»«:|aJDit,i^ci«:«: 

>!l5:m^n-:>fcik<D-y * h bi^X hM/l?:«3K:^5^-r. 
^jrte. »K2^Si@:i-V>dW/7X5rJ]0M-r^CtAj: 

[0 04 7] 
[*3] 







(nm) 


(nm/^) 




1^x3® 


44 0 


3 7 0 




3^> 


6 6 0 


2 8 0 



[0048] *33&>e>fe«^*>*J:^tC. :i--y>jgia«!:i5t 

ommmmtm 2 <Dmmm4 - 2 , 4-3 ©fHistissi 

i^P^*5 3^CD^-C*>. lliS«^4-cm6n/c<fc^Aj:: 
Pl5CCj;or. S?@:*-V^>^W:^'X(C<fc^J!iai7kgtM 

ffi^i^±-c t ^> c i *saE?« 3 n/c, 
[0049] Aj:*j. *siig0!ir». mmumcomm^v 
>-^mi}^(Dmmm?ii^ 1 ^. *j5t«is* 4 c c y^-c 
io#<tL.fc*i. as:t^/>^w:</x©ei*SB#r^*-e-n 

-e*a3 0«.\ 4 5». 1. St^it^. -eofiTkgfeSfiS* 



[ 0 0 5 0 ] *i5yffla-C»AL/c*6**iS«^ffi 
a!@:j-y>^W//XtCj;S:7* h Ui^X hCDKftSlt.* 

icisi'fim^2(Dmmmt^y^5i:<Dmm^2. 3m 

40 jH:t'/>$W*'X{cJ:-,r. ^jJtteS-C^ASn/cSfiJ 

Rl». 2. 3mn){c|S;£$tiAj:c>;i6^ Se;2a>ll^S 

•^'v ^ 5 *:>6©S?H:<"/>#W:'/X(OPSa3jI)SAj: i: t 
<r>m.*i'^^.^h$>*). 1 mm — 2 OmmfiS«:a:^-r^>C 

so [005 1 ] mtk(Dmm4 . la 7 li:*:^W©SI*i©JK«l 



15 



4 (^.ti^mm&mms<Dmu<omfS.^m^mK.7ri-rmm 

2 nm^imm-. 2zim'Si^m^mms, 23 

S7(a). (b). ( c ) «-en-enttiig§© 

iPlD-c**. .07 (a) :^■^/>#W;^/:^%-'^•■/ 
•J > i^df h -il- 2 0 F*ltC^SfiAia/cJ«* 2 6 iCf^zf<J > 

«fiS©»lSg=Srffll»/cti^4^L. mi (b) «. ®# 
?Kl^liT-2 l***^;^S3©>'<:7'y>y;^'^J^2 0CDT^ 

tcisgL. mw<^miF-mms2 2<Dmtf^m^t^c 

fi£©»liaS^«<,ifc«^>Sr^Kl,, 07 (c) «. h 
:/ 1^- h 2 3 > d'df h 2 0 F«3©«7j<* 



(9) ItPg 2001-223206 

16 

* >SW*':^ i -If S C <?: tC J: O SS:*- V^>SW:<f^ 
HiSgiie. '^ XtC. C<D|lii<D?K^4?:«te6^6«:S-:Jt 

s^ic^mriy, mmmea, ±ia3asi©«^(cj:€, 
ftiS:^ra{coi»r, B?ifi3IJSF«4®is^<hi5)a{c. s« 

2CDlEl«lg[: 2 50 r pm. V>iSa[ : I^J 1 7 0 g/ 
Nm*. tV>-^m:»:^mS : 3 1 Jfij^gE : *5) 

2. 7%. mm2<Dmmmi.^yyQt<Driif^: 2. 3 

10 sm^^ 4 c c /#t? 1 0 axo^^r^^ii l fc i><ox-^ 

*^a-Ctf o 2 -^j^^-g 8 ^-^ 5 

[00 52] 
[^4] 







(nra) 


(nm) 


(nm/^) 






15 5 0 


10 8 0 


4 7 0 






15 5 0 


110 0 


4 5 0 






15 60 


1 0 9 0 


47 0 



[0 05 3] a4K:^3nSJ:^tC, <5in<Dj)naS«fiS 

y^<D^fS.(^mnv$>z>cti)mm^ntc, */c. s«2 
c 0 0 5 4 ] tfcjggt 1 . i t^gd 1 «. s?H:t v>oms= 



Mimm: TFR-B) *;^f>3-i»-«:j:or^ 

^fSUT. h--^-i?5rl 2 0'C-C3:^t5C<!:-C#5j1 
5 5 0 n m©:7 * h Ui^X hM*J^fi£U/c, 
[0055] ^^tC. 7 * h US^;^ Hg«rJgfi!tU/cS«2 
^a5<DJ:'5{c«-&3(C@Sbr. ll$aS2 50 rpm 
-C|gteL./c<, «S2i'^--^i^5i©rapg«2. 3mm«!: 
jggi^l 7 0g/Nm\ mM3 \ y^^icWf&U 
tc:irVly'^m^:^ (S,^.: -5 0'C) ^^vitblr^h^ 
S2K:i^ra«J&b. ^®?g«^>-7'l OCCJr-oTiffi* 
^4 c c/^-C 1 0«-fae^*&U-C?5t^*tT->/c, i^cfc. 

s« 2 ^=&jjnS8i^-s c i < . ±ia«iffi«MS-rtf o 

/C. ISlfi|®^frr:t'/>^W*'X©ttJSB#PBl>&3 
553-<!:^^-rg3ry>i!iaB#ra«:^*-r^. 25trt®B5 

ftt?©7 * h u-:^;?; Hg©J|[3*Sil5EL/c. c©Jt*5t« 
M©*£ll^^5K:^-r. 
[0056] 
(«5] 





(^) 


(nm) 


(nm) 




l±«t0q 1 - 1 


1^ 


15 5 0 


15 4 0 


1 0 


itWLm 1 - 2 


3^ 


15 5 0 


15 10 


1 3 


]:b«ff»Jl-3 


5^ 


15 50 


15 0 0 


1 0 



[0058 1 ^44c5<fcO'^50C;foCir . y>^W 

50 (o^m^n-ofc^ m^m^m^tm-r^fcibfcToc 



(10) 



17 

(Total Organic Carbon) #J^. 
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[00591 





TOC 
(ppm) 




(ppm) 


(ppm) 


(ppm) 




6 2,3 


2 7 


2 0.8 


9. 2 


(Sfe«;r'/>«ra) 


4. 2 


1. 7 


1. 3 


0. 4 



[0 0 6 0] CC7)*6;^>>e)55'?&^^^^iC. mm^V>^ 

H^<Dmmtfjvyr^>momi&& to cmmt m^iit 
t u x^j& stitch (D(o^ )u >mmx^^ 

[006 1 ] ^J6cr)?KSl5 . C tl -C/J^^COSS^iS^ 
asp (^V>Aail«) 52. 7Kgfea55 3, KiSg|55435>> 

[006 2 ] ^mmmm^ 1 (i^^*^i;2?>a«2 ^snigi 



g«::foCir. 6 UiiHa^. 62tifc:-^. 63«:7^ 
^ Aktmm.^^ ^bVXmMm^^ y^. 6 6 
«SKl^m§. 6 7«n> hP-^r^^o fc:-^6 2 

-c»nJgio/csa^iiia«6 iccj:>)Siaa^^ h6 4^:A^ 
urs^2ccpsstu. Jnm-r-s. ^j::b\ ss2ccc^^ 

nrc>-&. ^/c. »lS»^«:»«2 3&5*llffl©S»j6^5g©M 

«2(D1f -rX^^i? 3 Ommxg 2 0mm(D^'&. t-:$f 
^S3kW. ;^'XifeS2 0 m'/^. :^'XSS10 0'C 

-CSS 2 ^m^cDSe mTLktS 0"C) tC^ST^C i 

^(Dm^^Wi^^^m^^ y vtm^^^cDx. mum 

Pa1«2 0i&^t(±Ccg:ST'SCi7&^M^Lt>o */c. ;^'X 

6 7r'fc-^6 2CDiim^iaM"r'5ciT'^ifeL/co 
um^^m^^tji < r feWA«a7k*ccss2 ^sm-r 

J)nl^.t^CDSS2^^:^W:|g^$if^i£i^g:?^)^^'2>o 

[0 06 3] :*^V>J^S^5 2CC«S^;&5aS2(7)il!i 

*5SC:f 6nT:JdD. C CDX h t^y XjUS 6 *>e>SSI 
:d-^/>SW:^'X^SS2CCPl»rb. m^2±<Dy*hiy 
i^X h^^r^^-r-S, i/c. :^-V>ftiima55 2Cai:^'X:^ 

OCWxA^ffll.^ 6^-60 XU hCOmnmtO, 1 mm-- 
1 mmCDlaH:^^^?^^:'*^/^. /c/cU. ^^•9§an*g^ 

?S/@^\/>^W:^'Xfij&^ia^WCC^ftl.. :7^hu>?x 
h(DJ^.^^m(^^^yy^^^C^ctf)mh^^u:rj:^ 
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mmis.a±(^M<mmLx^<t^^m^^^^. ttc mm 

[0 0 64] 7kj5tSP5 3CCIi. 0^brCi%li*J. S« 
5tifcSK2*gfe^'C^'5>cfc^^t8fi£$nrt>^o 3^ 20 

[0065] ^JgC7)?f^^6 . *^H^(D^ISS<0?f$<|g6 

W5?7Xia«>'X;u^S 1 0^iaiE<7><l:0R:ti^U/cfe<D 
X$>^o miO (a) tJCCD^X^KDWES. S 1 0 

(b) «|HID< C(7)-/X;KZ>ffi!jffi0r*^^o :^M<om 30 
fiSrti. SiB^vr>:^/;^i©jW>'X>»H 2 1 y hig 

*14fig(Di^a{tccw^r^>^o S 1 occ*>c>r. 1 2 1 
«S£SPifivX;k 1 2 2»S6SiHSffl^t^. 12 353: 

mm:tv>^miJ:^mi^n. i2 4«e©*«*&n. i 

2 5«a:3St^yX;Ug|5r'&^. 1 2 5 a«yX;l/a51 2 

Mtm&ni2 3f)^^mA^ti. yx)vmi25f)^hm 40 

2^^mifbtix^^. c(D^t>\ 2 2^m^'r^ct(^ 

<i:OpJSj[iSl 2 5a^^S6$-t±r>'X;Ugpi 2 5(0m 
S*fi^.*&P 1 2 4?&>^E><SS7k^iS-rc iic J: 0 . 

^j>^miy:^^<om^f)m^2 tcsij^-r-SHirK:-/ x^t-su 
[0066] niscDff^ssT . ^^m(ommmm 1 50 



1#pg2 0 0 1 -2 23 20 6 
20 

m'r^(^mLX{t. ctosmyx;u^sttr^/ce5?) 

cc, x»j h^yX;utcf^x.rjf>-;u§g>'X;i/<Ds?Sl^r 
»Sb/Co 01 1«. -Me^&4----^l^S^XJl/Ofpffl?: 

gft^a-r^a-c^^. c<D@{c4di^r. l3 0tt^^-;^§a 

yX;k 1 3 1 «MiS:tv^>^tStit-^/ci*cDjf>-;u. 
1 3 2t3:aiH^^/>^W:^'xe^J&Pr^^. COJ:^ 
tc, yX;i/?:ffiS[<l(05>: l 3 1 rj^^t^^c 

3&^-c*-5p — ;gjai^j:j^-;n 3 ira<Df-^^p«, 

yXJH 3 0£SK2rHlco^g|d^fi^#U. msSp^d 

n/co ®[*fflCcm^<b. 01 lCC^Ti:^CC. 

-JVl 3 l<Dii[T-C«:7* hUt^Xh3&5^*5n-^-r 

<. 3 irartii^^^nKKi^ct^ssg^sn 

/Co CtiCiPIDOl ICC^Tcfc^^. ^-^fH 3 lit 

)vi 3 ira-c«. il!^c;^-;n 3 mTr^s^n/c* 

[0 06 7] ±fBPS^»i*U. ^6CCiiSttfig<D:7:*^ h 
0, C(D||Jfe(Df^^>7^1)^^^X;K7)m^^@l 2*ffl 

r^^c H 1 2tc^-r<^:^K:. S«2<D3t?f:^r^cc*fu 
d^-;bM©>'X;H 4 0. 14 1 ^2?Uia?UCCie^L. 
ljm(OyXjVl 4 0<3[>*-;Ui5^— -rt/4t<^**gPCC2 
^Uao^XJH 4 lOJ^-Jl/^E^b. ^-il-^^Bt^^ 

2^-/X;H4 0. 1 4 1 0c*fUTtB*tfi^tc^ib3-l*/c 

mmi:^ti. m^2±<D7f^^m^:^mwit^ti. 
;n 4 0 <!: 1 4 1 (DT^mtm^^^tnmM^^ < . m 

yX;H 4 Git 1 4 iPBlCD{^llfx«5mmJa±. M^O 

<{t2 0mm&L±(fcm'^r^^nmmx$>^. c(om^ 

hmi^tx7t^-)Vfi^(D\^'v^p{tyX)V\ 4 0, 1 4 1 <b 
m^2m<Dmmd^Mly. W8p^di:mfc^t^Xi> 
o/c. ^>^6^^X;^^39tJW±<D^^?1JtcEi9:u. $6 
tc ^> - ;KD{iS ^&¥^i(D y X)\^i)mtj: f^Ui^j:^ CCffiS 

[0 06 8] «±lft^L/cJ:^CC. Sia:tV'>^W;^'x 

mw.2(DyX}V\ AO, \ A \ icn^ ^m^^nio 
14 0. 14 1)^. ?ijccii:3s-rs:&rsj-r/d:t> 
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0, 14 1) <om^Mi^•ri>y}}fl\K.^W}$^±i>J:'yicm 

S C i < ««teBI*-r -S C i i % 4. 
(0069] ||JiCDJB<S8 . m \ 3 it:^mM<DnM<Dm 

jitT:^|S) (Ti^C*>^. SffiEO^-XJH 4 0. 141K 
■e-CS?S:tV>#W*'>^*i««r^.J:'5«:. ^4Mi(/ 
•S<fcO, H 1 3(CiS-rj:^«:. S«2©jtif:/3lfilCC*fO 

0 « 1 0 3 om<omm-cnmj:t^i^i)mibtifc, 
;^©«ttmfi(cs«2(Djt?f2a*s»nSL3n. 

C 0 0 7 0 ] mm<DB^9 . @ l 4 »3t:^l80D*S6<D^ 20 

■5. 01 4«:^t-J;^«c, S«®^«tt]r^g|J5 1 ^ci'^c 
3 5 0 n mf^i5©5ll31-3fe?:fi!tW-r.5lS£E5lli1-^^>:7** 

S. u*»L/. m^^t^^mh -yx mi UX *S < ct-c. C 
hUt^X ht^)f4©rtS»*-C«^Ltc< l>/cdt). 3 00n 

[007 1 ] ni^offj.^. 10. mi 5 it^^m<Dmm<D 
jtm 1 0 icj:?,mm!i&mm^<Dmf&im^ff}icynrm.m 

@-C*i. 01 5{C*J(,>T. 5 9l*?gS2 5 OnmWiS 40 
.^f «. :^7X:tf>r F 5 7 ^m9\^%^mMt ^^^^ 7. 
Xlct^bXii:^ii-< K5 70±:&*»^?gS2 5 0 nmf* 

50 
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[007 2] mm(Dmm i i Mmt. ms. ^©cDgt 

SISS<D}g.^l l«iSfei^S[<!:U-CS**fflt>fcfe<Dr 
*-5>, 01 6«. c<D|6SS<DJg^.l 1 
S?r|ji?8f -S/cfewa-C* 0 . ^S©iK* t 7 0 'COOtt 
7i(.XiSmLtct^a)iSfmi<Dm0S.4:7fiLXi,>^. mi 6 
(cteC^-C. ( a ) «Mj@M^*'x*i®fib/t:<D%^S© 

*67k-cj5t?ifU?cJ©^{coi,>-c. ( b ) «7 9 -co^mm* 

(cot,>-r, ( c ) «7 9 •C©SjS5h'/>^W:<7:^*iSS* 
Ufc(Dl5 8 5 •C©M*-Cj5t?^L'/£:^^tC-otir , ( d ) 

Wgg?::*^?g^e.*«^i^CC J: ») M^Ltcl^^'k^LX 
X>i>. C ©04: 0 . ( c ) <Dm-^<DJ: ^ Ccja^-CjJt^-T 

t'^ ■^'^i'j: i'© J: 0 ig^X©W«K©l;t^*^t©flnL/-r(,>.5 

^«M©**'^.©«g»K**iS < 0 . *> 

sg^^s 3 fcAK: . 7 * > u f ©^*aK*ia 
[0073] mm>f^m i 2 .±iBSi5ife©jgsir'», 

S©i©i!^^l 2WC©J:^:^jca^>6*$n/cfc© 
■C*-5. C©l5ig©J{J.^l 1 CC*jW*?5feH^«iL'-C«. 

*sw*i.<. *6*. mm^-.mwi. s®. iSK. i^K. 

i«:7'D-fexcc*jc»r. ig?5S (m^lO^ffl/c 

o fc^ffi/i <!: ©|^*«: tt. J5t?^« h b -CiSeKtt*^ 
^. T^i':^? erh>s, r^bn-^l/Sftri'© 

[0074] HJfe©?^,® 1 3 .1^16® Jg.^ 1 2 T/tR Lfc 

J:^>^c:i-V>irat>a©-7* V L-i^x ng=&^^i.-^-r 

W A'X jgiS 3 -tf -S /cJ6©M®?S «k U -Cffl t » r J: t 
il*S®3&.«l 3«C©«fc^!te«,#.*»6«cS*lfcfe©r«> 
07«:*s(,^■c-'^•:7'';>^'#^ 
2 0 {C±ieSIJfe®?BSi 1 2 -Cin L/C J; ^ ^cig^^rMS 
jSil/TAnntfJro. c©J©^. JI*S©Jg,®l 2«:tb 
'<r^r^«gflE©S*^«:< t-«>CiAi-C*. J:»)W 

[0075] mmmm. 1 4 .yctc. 0 1 7 «:ffli»-c*: 
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msi(Dmm 1 4 6c j: i,mmf&^myjm^, ^b^b ( l c d ) 
m^umtvcmL-cfm-ir^. ae3fc©-«fi«j?cLCD 

©7* hUix;^H^*Xfi{t. SI 7 (b) {C^TJr-^ 
Jc. 2@©i 0 6?gK:J:Si5fe#Xg7 1. 

Tkgti^xg 7 3 , SM^cc J: ?>g$»j5t?l' { 7 T -Y 

X?i7 4, iHlfElgig (;^f>K5'r) Xli7 5 <b 
6®©j5fe^Xli*>e>ii4. */c. C©6£3fe— JI5©LCD 10 
©:7 * h Ui;;:^ H^SXSTtt, i^©S!jJ*Xfl{C#;4/c 
»tC». ^Si ( 1 0 6 ?K) ©^^^*<!:»«^M©2SCM 

c©xg». 017 (c) «:^-rj:^(c. mtrnfmi: 

mi 6, •?'7->j5t?tX?i7 7, hgtttXfi 
7 2 . fi§jg?7kjJfe^Xg7 3 . M^^mimi bii^htji 

■5. ±iafie*-«©i^**sw. 

h r 7-^:? h 7- > h ©Jt;«c?:}S 20 

[0 07 6] (LhicnhX. *^l«©5yfe©ffJ^ 1 4 tC 
,fc-5SS^a:^ffi». 017 (a) (c^-rJ:^4C. ^« 
M»X^5 1. fijH:*-v^>^#*';^tcJ:i«iaxS5 

2, Ti'r:^'r■7(cJ:*^5t^X^i5 3. iT:^'^:7^cJ: 
*l£*IX«5 4^S:*:Xgi-r^fe©-C*S. T^Ti- 

VLiiii^m.TMh'l, ri'Ti--<yiCJ:i,iffti!^T.m5 30 

3. xT:^-^7{Cj:SiaSXe5 4%B5>J«:iiJjpfntf 
iC''. C©JS^, *gtl£jgt^©S«Sg©ffiT5rB5<-fc 
e*Hirlg©?k?5fe, 12^X115 3. 5 4tc{iS**iJ:i>*iaia 

[007 7 ] *:^BJ^6«. *JI^©ff5fig(cJ:tit3:. IH 

ffi ( 1 0 6jS) ^±<m^ifric. (6«) tmm 

:*-v^>$W*':^tc4:2.*!iaxii5 2. Ti'T:^'< 7«: i 
■S<5t?l'X?i5 3. x.ri-'<-yK.^i>m»jmhA^2.m 

©^^{ctii[pl-c^>ic^O, S/c. ^*Litt»*fl^©ti 

[ 0 0 7 8 ] 3 hicmm:i-v>K.\t.m9^m.mMtmmv:i 

fc, T^cto^. 017 <a) {c^L/c:**iS©}fJfiiK:<fc so 
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[0079] mm<r>mm \ 5 . fei±©s3iite©?f5.^ii. 
s« 2 ©«iiiffi«:et*& 3 nssjg:*- :&>?.© 

ti^,fc©-C«^C<. — St-r-SCi^rBMffiiL-CV^-S 

tcajH:ti/>^W*';^*»?.»«2©j&SM«:«i&3n-5 
3 6K5S(^-r-5^J6©*ic«t*mwufc. lyi© 

JKSSl 5WC©ftlS«c»-5<fe©T*»). *-r. C©J: 

[0080] B>ri^©ifesgw 1 tciji^T. •e-©^^s^-c 
2 ©iase 8 -c. 8 0 'c-c&m'kmitc t 

C -5. S!iSXg©lOT«S«:fc(,>r 1 , 2 hum 

sx^(ti*ie>«s«2±«;ii:s 1 mmmm<omK<Dm 
<tl^«t?*»j. c©fe<m]gK:-oi,>-c{3::*-v^>«:J:iK 

« 2 ©jaaffi©sst^<^^7 * h uiPx h ©^siig* 

Umicm^^tcMW:, c ©K»e^K»0 1 8 icm-rJ: '> tj: 

:/o•fe>^-C3%^fe■r■5^:<^:*^5ge>^(c^c-:./il, J^cij. mi 
8 (a) MfflPa?SllLPa1*>^ct>»]«ge^©««^H«: 
*J«-5MS?g©*^«iSI*iKL/, lai 8 <b) tt. 

«*©s«asr«:*jwi«isjR®«^tt®«r^-r. s 

/c, 01 8«:4s(,>r. 3 1. 3 2lJ*n-enS«2©5!i 
affi{c{^Wie>n/cC r nci-©Tift*Jj:0'7 * h Uv?;^ F 
m^TTiL. 3 3 »7K^^^*^^T. SiP8#xtS«2©S 

018 (a) fC7n-rJ:^tc. S[«f©^BB®:bJ&:i'-CSffi 
2©«iSBi-CftiS?8[*imietcai*4^» (iSacS 4) ifi 

'^©SM^PISL. L't^x h©^SiiS*sg^Sfc 
C©J:^tcLri8ia«©«^3 4©ni:C> 

g|5^©7* h UiyX h^m^Stl. fS^3 4©T©g5:» 
©7 * F UiPX h*S!atm^3 5 i Lxm-:>tc'b<Dt^ 

18(b) #88) . mWri&S 1 «iS7k14©fcS!>. C© 
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[008 1 1 mm<OBmi 5». C©J:^j&:W^«:K* 
S2 <D«!iS®«:«J& 3 n-5^^«?r<a?«^ 5 c i «:<*: 

^±K.m^-ri>tctbic-m^f3iV^rs^mmf & c i *s-c * 

fc. 20 
[00 8 2 1 a 1 9tt. mM(OBmi StC *SS«2© - 

SK2*S^jaSj«S«:»g«c*>©iL'T. Mm^y * 

±^3i*r. ss2©«MiffiK:«ii&^n-5^^. -r/jr 

fC. SS2©SS?:$e{C±^$-t*rS«2©«!iaM(c 
«*&3n-S^^S. ^^ct)^«®2©MaB«rS^A!iS 

as 2 ©SS«, a 1 9 (ciB-r <!: ^ tc*{iSB#rHl©^{c 

[0 08 3 1 mM<Dm^\ 6. *t6©?l5Sll 6». ±S 

^fi6©JKS 17. 18 ©J!ia:^ffi?r L C D i'©:^a 
S 2 ©MaK:W5?S/d:*&S^g«C3«M3 -t+fc ^>©f * D . 
c©^*@2 i{cjn^. 02 itcfci^r. S««ia^ 

^tt. S®2©^<i»nSlg|55 1 , :i--/>«ftffigP5 2, * 

a- ^ 5 5 tci rjT— :^|Sitc$?g©«t"*m«)l^ff5 
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as«2*»iMLT*j<gB^-t?*i. $fc. *v^>«ia 

5 2K:{*S^Ai«S2©«i {tUi::, 

Sffi2©^«):^fSiiit5?^&:^i*]©S5) (cffl^^ 

«2{CPaStl/. ««2©^ea®©7* 

■rS. */c. :t'/>J!iffigP5 2«:«**X^^4' h5 7*S|S: 

x«^ia£n© J: ^1 tc^nrss 2 ©jaaccwsstcffli* p>n 

-5. 36{C. *'X^i; h5 7©±gPK:ttS«2«:»n^-r 

^fcj?)©t-d»5 8**assnrt»-5. -€-i/-c, -s-n-e 

n©t-iJ 5 8©^^?aK?rlli^bt:02 l©TgP«:7n 
TJ:^K:»«2©ae**tJ®l//c. <c*i. iai9*iJ:af 
02 0t?W. ma«ftia^PBli L.-C»,>fc*i02 1 ©J: ^ 
>^©^g-C«{4gx©raii<!: C i 

■rtii:>ii, S«2©JSiMjiS*v<!:4B< £. 
x= V t t^-rct*5-CgtS. 0tfi{cin^j:^K:SS2 
*-ffiatt-cj5aL//ci#^«<:i:tKOT*^felT©B^-r 

[oo8 4]mm^mmn. mmommib. ler 

:i-'/>^W*X©affi?rffiT?ttiC £«: J: 0 C<DmM 

■c, »S2©j{iaffi«:#^^n-s^^a. -r^ftj-^tts 

2©A!raffi?:S'5Ma?BS*ffiMS-lt/cfe©-r*^,. 0 

^^mto mmmmmm. wtmmiR2*sj:ufmm:t 
v^>^W:</x©&iag?r-€-*i-enn^-r. 0 2 2{c^-ri 
«ia©»)»iK:{j»«2©iae[iMS:*--y>^w*' 
x©ias{c®a«ca (mtf 1 o-omm.) 

•r*. -e-i/T. A!SAsjstffcon«K2©«!ia®4s^ 
[00851 mtn&<Dmm 1 s . mm<DmisBi 1 8 Ma 

WK:»Sira©|ISt©Ji5SS 1 6 tm C-C$,^ifi. s 2 3 tc 

t,>-C, :i:V>mmS»5 2miC^f^mcMS.:^mt$ii:i, 
iifetC. «©©*\/>«iag|55 2«i-S«2©jaS?: 

toajStt>{cs«3nTc><fc«t>> 3^v^>^agg|J5 2©^ 
(00861 m^comm 1 9 . mmmm 1 9 «. j^.a 
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ThfJ:'^ {cast©:*- VZyH&mU 5 2 ^mS-T ^Jfl^tc *J 

[0087] ja6(D}^^2 0 . l53$<DSIIifi©J^^ 1 ~ 
?:i««L/-Ci,»/c*s. C©J|J6(3r)JfJfig2 Oti. S2 5(C^n 10 

[0088) mm<Dm^2 i .*ffei8©s*efj^s», 
[ 0 0 8 9 ] @2 6tt. ^mm<Dmm(omm2 1 {cj:^, 

'^^•?^'^5i»«2i<DiaiPgW0. lmm~lmmt?* 
1 0 0 xm^LXtp ^-^-j^b icmX-ThJ:. -5 fCftfiS L/ 

r(,»S3&s. SiJ^K:^Aurfe<i:< . setc^j-y^^w// 

[0 0 9 0 ] ^Xk:, S2 6-C^L/fc:*^|j|fe©JfJ.@,{cj;^, 40 
-Smite, &m^mn^^±^ ^ -f ftSWi^f 

is^ummm^^y ^^^fi^m^ici^iixmi^-rz^. c© 
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r. :i-^/>iJS:Jt.^©:7* KUi>;^ hlS?:^ 

>*-'5A^©TJl':^?yl4*?gfS ; T-b h >^l©-5^ h > 

-^v:/o-'^•>'-J^l^©T->^^-;^S?:^^fSliS 
Muf(c*ne>©ig^*»6<cS«fJ;»)S!R-rsci 

T;i'3-;i'mi-©^?$©Sfefi8S*n{*Wffl-r*2.. 
[ 0 0 9 1 } */c. y*\- his^jg^m^-r * 

fit*&-r-5<!:. y*V H^I**fK«SS©lHigt// 

■r^>c<b*5^#^. -fj. y * v\yv^:^vim^m<oiSk 

^fi{bSti/c7* h us^x HSfiS^4^»5#4©«c 

h^©^*jiSA5iB;T-r-5. L.fc36So-r, y*v 
m±.icm.mtsi&ayy * v vmmim^m^ri>-£^ 

[0092] Sfc, y *[■ hM^£jIS?:lS]±3 

^tz>^c^v:\,t. y*h x^V'T. hm©Jn/k^*»*jJ;c^?g(e 
«. *y>#**fxa£s. HKI^. i8ias?©«*&«ff, 

*!iS?K©«*&*<lbC»'!>^< <D^^^jt-^-(omMiti:n 

«Ji©S:&|6)©fii[S*«i1^il{cAj:titftcS«t'^'C^:^*<:*: 

< ^co . ■^©(igtcfew i>!ii}:mm<D^mm*m< 

-e©i)fefi*siS-r-5'i:>W7!i«*s. 

[009 3] *:S^Jfe©Jf5S 2 2 ». C ©cfc ^ Aj:pgM(c*f 

SS2 i«Hl»J^(ft*ST€>'^f iS^5i©PBl|iS?:0. 
1 mm~l mmi^<^SCtK:<fc9. Wc.Mit<Of'i=7 jt 

2<t'^v^5<t©rBl|!15r0. 1 mm- 1 mmi^f^tCj^E 

<-r-5.i, ss2i^^y5i©raiicjfj^dns:*-y> 
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f)K m^2t^yybt<Driim^0. Imm^lmmi 

[0094] mMmmz z .cns-coj^js©^.^ i 
~2 1 r'»7* h ui^;^ Hg©^*{c-?iir©;!^|jiiai, 

©-C*0. itcW«ie)<D^)StcWJ8!l^t*>©-C*>-S. 
m<DmS^<Dm^2 2 «. C©.*: ^ ^c^ * h us^:;^ he© 
^m©5Jif '^Ic.ffl U/c 4>©r * ^, C ©foffltsli 0 

7=>^5TA!ia. 3^Sffi©ZSfe?^. «Sg|5D°a©JBilBij5fe^^C 30 
[0095] C © J: ^ KtJtm^WKO-mi 3 6(CM«:0=J 

^^^©e^i/KT-^^i^Sffi-ctt. u— »f-c±*D7=C(e 
T*--'i')?:*tt. ■e-©7A:{ciRiaijg«f)o*=&t6-rci 
-c. ±T)l^mme^J^i:-^^c<•^jly^:5:}gfiS■rs, i>t>«9) 

ii'MmiCisl^X. e«(*'-7Xi^=^^ix/jr<!:)©WtS!B5*5 40 
TtrtCCglO. ««)-3#©«#?SS«r^<fcLfc'5. i><fC»i 
tCC«®ra©zgji^ffiWf SCtCCAjrO, AlfJ^cCPgiii 
%r>t:t>i. C©W^!B)©g|0A^T^X5Tii^J>-. C 

©si»)*>-r*i^*-rsx?i«r5=>^ 5 rxg^:P¥^■c(,» 

©:A;^(,»ilig^ffli>r7';^5T'&tf-3-cc»s. 
)^S9aiffi*5wiai-c* •& c i . ja-7 >:^>K©3tee*5Js 

<. /hSt^S©?\F«i©7";5^5T*56BilAj:ci*^e>f^:/ 
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■r-s. **s!«7«±a©7'x5Txg{c. mm<Dmmi 

C©JS^*iS*>iIt>jia-C7=;^ 5 T?rll^-C^2>C i*s 

#W*f;5^i©^igirj:S^«. cnST©^ * h ui>7. 
HS^*©::^p-b>^{c*jc»-Cttl 0'CMg-C*-3fc*!. ± 

IB-rX 5 T©«-^«, C©iaS^J: tiSt^aSM*^^ 

©Tk^HKiB^l^tC J: -5 i C lr> i #A p>n^. 

«^^<^:7=;^5T«-C#%*>-^/c. */c. S© 

/h$t>5T:©f'x5rfeojfiBr. >'X;u-css*:/>#W 

//X*ii5iI{c?>c^f^W-2>C<!:-C. S5 0wm. gg3 1 0 
0 am©5i:©JS©7'X 5Tfcnrifigt?$)-^/c, C©J:'5{C 

© X ;^ 5 T iumm-c fttcct itrnmiiz^ t, ». 

[0096] 

w*';:^ %ss«®©i**aa!Bjcc«*& L. rMiiiati^Ma 

g«:*5WSSfp^^S J: 0 ^i,iJ!iffiS©^.m*^tf© 
to. «S©«iajiS=S:|fiJ±3t!:SCt*J-C#i. 

[0097] */c. :^mmm2<o-nmicj:. ^hmmm. 

or. c©SjS:i-v''>^W:yx{cj:«>i!yax?i{c*i(,» 
IBiSte^ V>^W*'x©aS5:mfl5SS<t Isj^gi, ^ 

[0098] * /c, :^=SBJ©II3 ©^^fc J: 

mi *fc»|g2©7^(Cfcl,>-C. ml^m®^v 
>^W*':?i©SS*sS«iaSJ: 9 5 -C- 1 5 •Cgig< 
SJ:-5{c$iJiai3<ari»4©-C. S«©J5SiiK*J:93S 

[ 0 0 9 9 ] * fc. *:|%?§©m 4 ©l^ffiCC J: 2.S««!iffi 

1^1 */£:«m2©:^stcfct^r, Miesis+v 
>^W/7;^{ci2,«iaxfi©{tec. Btftes^****. ^ 

n-;P5r^tfW«?g*g©'5 ^(D'ptt^ ti> 1 o?:^tfiSfe 
?t?g-Ci5fe^-r-5.i5t^Xfi?:{ix/c©-C. Sffi©Saaiig 
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[0 100] */c. ^^m(om5<D:f3mic^i>mimm 

[0 1 0 1 ] */c. *:^?g©m6©75ft«:i:^»©!aa 
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